7S. oe 


00r—I8E SHOVd 


« PNGINBRRING,” MAY 146, 1941 


For Editorial Contents see page 391 


PRINTED ON THIN PAPER FOR FOREIGN CIRCULATION. 





——____—_—— 





NGINEERING: 


a Tr 
eel Ve 


ay 
4 


An Illustrated 


Weekly Iournal. 


EDITED BY CHAS. COOPER AND J. FOSTER PETREE. 





Ny ? a 


TEMPORARY OFFICES FOR ADVERTISEMENTS AND PUBLICATION, 18 & 20, COMPTON ROAD, HAY IDDLESEX. 





VOL. 151—No. 3931. 


LONDON: FRIDAY, MAY 16, 1941. 


Registered at the General 
Post Office as a Newspaper 


By Forricn Post 
Price Ie- is. 3d. 





Air Receivers 
Buoys, Road 
Wagons Tanks. 


Hoppers, 


TANKS 


EVERYTHING FROM MILD STEEL PLATE. 


JOHN BELLAMY 


BAST 1892 LIMITED. Est. 1860 
MILLWALL E.14 1216 


==|YARROW 


& CO., LTD. 
GLASGOW 
SHIPBUILDERS 
MARINE ENGINEERS 1353 
LAND AND MARINE BOILER MAKERS 


RAPIER 


Buitders of Europe's 


EXCAVATORS 


RAsSOoES & ; Arie, © <2 


$e _____ 
On Active Service 


COOPER 


ROLLER’ BEARINGS 


KING’S LYNN 1158 





J. & E. HALL 
REFRIGERATION 


FOR LAND & MARINE PURPOSES 
LIFTS ano ESCALATORS 


J. & B. HALL, Lep., hn DARTFORD, 


London Office: 10, St. Switsin’ — B.C.4. 
Telephone: Mansion Hovss 9811. 


PATTERNS 


B. LEVY & CO. Deters Se. 8.W.l 








METAL SLITTING 


SAWS 


GROUND FLAT STOCK 


WILLIAM WARD & SON (SHEFFIELD) LTD. 
CENTENARY WORKS, WOODSEATS ROAD, 
SHEFFIELD. 712 


SECTIONAL 
PRESSED STEEL 
TANKS 


also 
RIVETED and WELDED PLATEWORE 
STORAGE TANKS, BUOYS, CHIMNEYS, 
BUNKERS, HOPPERS, Etc. 


BROWN, LENOX & CO. 
(LONDON), LIMITED. 
Contractors to the Admiralty since 1808. 
MILLWALL LONDON, E.14. 
Telephone : East 0700/1. 1342 


GLOVES 


Stokers, Miners, Welders. 
reste aden gue ts Chante er Leather. 


MACPHAIL & KAY Ltd., 
WOODLEY, Nr. STOCKPORT. 
See last week's } page. 


PATTERNS 
& MODELS 











GEORGE WAILES & es 


382-8, EUSTON RD., ag age N.W.1. 
Specialists since 


PETER 
BROTHERHOOD 
Srila, ANGUS AND TURBINES 


wt 
REFRIGERATING 


See Advertisement, Page29,May2. 6938 


FOR ALL PURPOSES 


WILLFORD & CO. LTD... 
PARK HOUSE WORKS, SHEFFIELD, 9 


DREDGERS 


OF ALL TYPES 
FERGUSON pera ht 7a =e... 


ORGINGS. 


WALTE R SOME ‘RS, LTD., 
WAGON cS 


HURST, NELSON & N 
MOTHRRWELL. 


VISCO 


AIR FILTERS 
DUST COLLECTORS 
COOLING TOWERS 1128 


THE VISCO ENGINEERING CO., LTD. 
Stafford Road, Croydon. Phone: Croydon 4181/6 


WELDED & RIVETTED 
PLATEWORK 


PHONE: FRASER & FRASER LTD. "GRAMS: 
ADVANCE Bromicy-by-Bow, PRESS, 
3266 Lendon, €.3 BOCHURBCH, 
LONDON. 


TWIN DISC 
CLUTCHES 


RITISH TWIN DISC CLARIFIERS L' 
BUSH HOUSE, ALDWYCH, LONDON, w.od 


137 

















AILSA CRAIG LTD., rand-on-Green, 
Chiswick, ontion, Wa. 


CRADLEY 
BOILERS 


CRADLEY BOILER CO., LTD., 1306 
CRADLEY HEATH, STAFFS. 


WATER 
PURIFICATION 
PLANT 


OF EVERY DESCRIPTION 





MUREX 


Electrodes 


WALTHAM & Cross, H 
Telephone: Waltham Cross 3636, 





MACROME 


LIMITED 
NOW 


GUARANTEE 


1007 


AVERAGE LIFE INCREASE 


For High Speed and Carbon Stee! Cuttin, 
Tools after Macrome Treatment. . 
Z.Dept., ALCESTER, WARWICKSHIRE. 
Tel.: ALCESTER 17S. 


CF ‘AN Co., “¥ 
. 1317 








VIBRATING 
SCREENS 


BARRY, HENRY & COOK, LTD. 


PATERSON 


SPECIALISTS 


IN ALL FORMS OF 


WATER TREATMENT 


FOR 


MUNICIPAL 


AND 


INDUSTRIAL 


PURPOSES 780 


83, KINGSWAY, LONDON 








LOCOMOTIVES 


STEAM OR DIESEL 


HUDSWELL CLARKE & Co. Lro. 
RAILWAY eg oS LEEDS. 
Loadon Office : 


Sn Nada Jl. 


COUPLINGS . DETUNERS 
' FOR ALL PURPOSES 


THE WELLMAN BIBBY CO., LTD. 
VICTORIA STATION HOUSE, VICTORIASTREET 
LONDON, 8.W.1. 
Telephone : Victoria 7762. 


“MAVITTA” 

DRAFTING MACHINES J sunctios. 
for all boards. 

Small Inexpensive Blue-Print Machines. 

THE MAVITTA CRAPTING TAACHINGS ir 

Anchor Works, Park Rd., Aston, Birminghamé6. 





SPENCER - Pee 


Patent Waste Heat Boilers 
32, Farringdon Street, London, E.C.4. 1332 


SEE 








PAGE 





‘[AIRSCREW 


AXIAL FLOW 


FANS 


TESTED BY 
NATIONAL PHYSICAL LABORATORY 


& 1428 


THE AIRSCREW OO... LTD., Grogvenorn Garpens 
House, Wuerminerenr Loppor, 8.W.1. 


TAYLOR AND 
CHALLEN 
POWER PRESSES. 


TAYLOR AND ge LIMITED 1172 
DERWENT WORKS, BIRMINGHAM, 19 


SAMUEL PLATT 


LIMITED 
King’s Hill Foundry, Wednesbury, Staffs. 


DRAWBENCHES 
FOR 
AIRCRAFT WORK 


ALLDAYS «& 
ONIONS 


BIRMINGHAM. _LTD. 
FOUNDRY PLANT 


“The machine with a BRAIN” 


SCIAKY 


SPOT WELDERS 


SLOUGH 72342 


LIGHTALLOYS L” 


FIRST 
QUALITY 


ALUMINIUM CASTINGS 


ALPAX WORKS, St. Leonard’s Road, Willesden 
unction, London, N.W.10. Telephone: Willesden 
300-1 2. Telegrams : “ Lightalloys-Phone-Lendon.”” 


Alnrat PATENT punMes 


AIR PORT EQUIPMENT LTD. 


AIRPEL WORKS. WEMBLEY, MIDDX. 


2| 








689 





1132 



































ENGINEERING. MAY 16, 1941. 








illustrated : Sownd meter and acoustical stethoscope—instruments used in 
ing an acoustical analysis of a room. 
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MODERN METHODS OF 
TUNNEL LINING. 


By Rott Hammonp, A.C.G.I., A.M.Inst.C.E. 


In all tunnelling operations, one of the most 
important factors is to decide upon the best form 
of lining to be adopted. In practice, speed of 
tunnelling will depend largely on the rate at which 
the lining can be erected. During recent years, 
many new ideas for tunnel lining methods have been 
put forward, and their adoption has generally 
resulted in enhanced progress or in better economy, 
which is a matter of the utmost importance on 
works where considerable capital expenditure is 
involved. 

Structural steel segments, which have been used 
successfully for lining sub-aqueous tunnels, form an 
example of new methods. In the case of the 
Detroit-Windsor tunnel in the United States, each 
ring of the circular lining consists of 11 segments 
and one key, each segment being pressed from 
j-in. plate with a circumferential length of 9 ft. 
and a width of 2 ft. 6 in. over the flanges. These 
segments were reinforced with angles welded to the 
flanges. I-beam stiffeners were also welded between 


Fie. 1. 


the flanges, the function of these being to resist) 


the thrust of the hydraulic jacks used for moving 
the tunnel shield. Experience of this type of steel 
lining in the United States has shown that in clay 
it is in many respects superior to cast iron. It has 
also been found that its use effects a considerable 
economy. 

One of the interesting developments in tunnel 
lining in this country has been the increasing 
employment of precast concrete segments. Some 
three years ago, Messrs. Kinnear, Moodie and Com- 
pany first made segments of this type, in accordance 
with a patent held in the joint names of Messrs. 
Mott, Hay and Anderson and the London Passenger 
Transport Board. Before these segments were 
manufactured on a large scale, a great deal of 
research was carried out to determine the best 
method of procedure. In the manufacture of the 
segments, washed sand and an aggregate, graded 
between ? in. and } in. of washed shingle are 
gauged by weight and the water content controlled 
to give a water-cement ratio of 0-42, Ferrocrete 
cement being used. A special solenoid type of 
vibration table has been evolved, the number of 
vibrations being 3,000 per minute and the ampli- 
tude gy in. vertically; an acceleration of 49 is 
given to the particles. Segment and mould together 
are vibrated for a period of three minutes, the 
resulting density of the concrete being 150-4 Ib. per 





cub. ft. with zero slump. The specification calls for 
a compressive strength at seven days of 4,000 Ib. 
per sq. in. and 6,000 lb. per sq. in. at 28 days. 
The average compressive strength is found to be 
6,500 lb. per sq. in. at seven days, this result showing 
the benefit of vibration for pre-cast concrete work. 
After a period of three days curing under water, 
the segments are ready for use in 21 days. 
Interesting tests were carried out to compare the 
relative strengths of cast-iron lining and the pre- 
cast concrete lining. Fig. 1, on this page, shows a 
length of 8 ft. 6 in. diameter tunnel lined with 
pre-cast concrete segments, at the end of which 
three rings of cast-iron segments were erected. 
There was 2 ft. 6 in. of cover above the tunnel and 
a load was placed over the three iron rings and over 
the last three rings of pre-cast segments ; the cast- 
iron segments failed, but the pre-cast concrete ones 
remained intact. The cross timbers seen in Fig. 1 
formed gauges to indicate the movement due to 
the loading. Similar results were obtained on a 
tunnel having an internal diameter of 12 ft. 3 in. 
A sectional elevation, plan and two cross-sections 
of the segment of this type employed for lining the 
temporary working shafts on the Hammersmith 
storm relief sewer for the London County Council 
are given in Figs. 2 to 5, on page 382. It will be 





Interior oF Test TUNNEL UNDER LoaD. 


noticed that substantial steel reinforcement is 
| provided, and that the segments are bolted together 
|in a similar manner to that employed for cast-iron 
lining. 

Fig. 6 shows a cross-section of a curve unit 
for a radius of 14 ft. on the centre line of the tunnel, 
the latter having an internal diameter of 9 ft. 9 in. ; 
four of these rings will turn the tunnel through 
30 deg. and 12 rings through 90 deg. A photograph 
showing the segments under construction is repro- 
duced in Fig. 7, on page 383. Those illustrated are 
for a 12 ft. 3 in. diameter tunnel. As will be seen, 
the segments are cast in steel moulds. These pre- 
cast segments have also been successfully employed 
recently for lining 24 miles of tube tunnel between 
Liverpool Street and Newbury Park. Tests proved 
that they were as strong as cast-iron segments with 
a thickness of } in., but were considerably lighter. 
The tunnels have an internal diameter of 12 ft. 3 in., 
and each ring comprises six segments about 6 ft. 
long and 1 ft. 8 in. wide with a square key block 
at the crown ofthe arch. The weight of an individual 
segment is 500 Ib., which includes 34 Ib. of steel 
reinforcement. It was found that a complete ring 
could be erected in from 15 minutes to 20 minutes, 
approximately the same time as that required for 
cast iron. 

Another successful work of topical interest in 
which these segments have played a prominent part 





is the deep air-raid shelter at Southwark, carried 
out by Messrs. Kinnear, Moodie and Company, 
| under the direction of Mr. Percy Smart, M.Inst.C.E., 
| the work being supervised by Messrs. Mott, Hay and 
Anderson. The Southwark Borough Council is 
fortunate in having an abandoned tube about 
3,800 ft. in length within its boundaries, and this 
has been converted into a bomb-proof shelter capable 
of accommodating 14,000 persons. The twin tunnels 
are each 10 ft. 2 in. in diameter and lie at a depth 
of between 50 ft. and 70 ft. below ground level. 
Pre-cast concrete segments have been used for 
lining the eight staircase tunnels, which have an 
internal diameter of 9 ft. 9 in. Each ring is 21 in. 
wide, and there are seven segments, with a key at 
the crown. Due to the presence of ground water, 
tunnelling was carried out under compressed air 
The water level is about 16 ft. below the surface. 

The McAlpine system of reinforced-concrete 
tunnel lining has also met with considerable success 
in recent years. This employs precast segments, 
moulded with tongued and grooved edges, which 
form the longitudinal and circumferential joints. 
These segments are erected to break joint, and 
Fig. 10 shows the and smallest concrete 
segment linings used on the West Middlesex Main 
Drainage system; the largest have an internal 
diameter of 11 ft. 4 in., and the smallest one of 
4 ft. 6 in. It will be noticed that the closure is 
effected by means of a key segment, slipped irito 
position in the crown of the tunnel. These tunnels 
were lined throughout with one ring of brickwork. 
The outstanding feature of this system is the in- 
genious method of reinforcement employed. Steel 
reinforcement a, bent to the curvature of the seg- 
ments, is built into the circumferential joint, as 
shown in Fig. 11; the end of each semi-circular 
length of reinforcing rod abuts against a small stop 
block cast in the centre of two diametrically opposed 
segments, as shown at b in Figs. 10 and 11. A splice 
or “passing” bar, indicated at ¢ in Fig. 11, is 
embedded in each of these segments during casting. 
This ensures that the circumferential reinforcement 
is continuous. There is no difficulty in providing 
additional reinforcement if it is required, as might 
be necessary in the case of a tunnel subject to heavy 
internal pressure. 

A complete ring of segments having been erected, 
the internal joints in the lining are pointed with 
cement mortar; when this has set, the reinforce- 
mént in the circumferential grooves, and any 
cavities between the segments and the surrounding 
strata, are consolidated with neat cement grout 
under pressure. Grouting holes are indicated in 
Fig. 10. Another important feature of this system 
is that excavation of the tunnel is carried out ring 
by ring, with the result that timbering in heavy 
ground is reduced toa minimum. In good ground, it 
is possible to eliminate timbering altogether for such 
a short length ; it follows from this that the chances 
of subsidence are reduced, even where timbering is 
needed. 

One of the first tests of this system was carried 
out 30 years ago by Messrs. Crouch, Hogg and 
Easton, prior to the construction of an outlet 
tunnel at the Island Barn Reservoir of the Metro- 
politan Water Board. Two complete rings of 
segments with an internal diameter of 6 ft. 6 in., 
4 in. thick and 12 in. wide, were tested. These 
rings were reinforced in the circumferential joint 
with }-in. diameter mild-steel bars, which were 
grouted in. The test load was applied on the 
crown of the arch, failure occurring at a total load 
of 114 tons. Since there was only one ring of 
effective reinforcement in the tested section, a very 
much higher load could have been sustained. 

A special machine, devised by Messrs. Baker and 
Hurtzig, employed for carrying out comparative 
tests on various types of tunnel lining, is illustrated 
in Figs. 8 and 9, on page 383. Uniform loading 
tests proved to be inconclusive, but two-point 
loading, in which a concentrated load was applied 
at the opposite ends of a diameter, caused failure of 
the section by bending. This method of testing was 
similar te that employed by Professor Talbot in 
his experiments in the United States on the strength 
of culvert pipes ; it has been adopted as the standard 
form of test for the British Standard Specification. 
The loads per linear foot causing ultimate failure 
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were 9-2 tons for the McAlpine reinforced-concrete 
ring, 2-17 tons for a cast-iron sewer tunnel ring, | 
and 0-68 ton for a three-ring brick section. 

An important series of tests was carried out by | 
the Safety in Mines Research Board at the Imperial | 
College, London, in which five sections of tunnel | 
lining, of 7 ft. 10 in. internal diameter and about | 
7 ft. in length, were subjected to vertical and | 
horizontal loading. There were seven complete | 
rings of lining, each ring being 12 in. wide and 5 in. | 
thick. The testing machine employed was specially 
built for research of this type, and is capable of | 
applying a vertical load of 400 tons and a horizontal | 
load of 125 tons. Any section can be subjected | 
simultaneously to vertical and horizontal loads, by 
means of hydraulic jacks, applied through sand to | 
the outside circumference. Several tests, two of | 
which may be referred to, were carried out with 
this machine. In the first case, special McAlpine 
segments were erected to break joint with the maxi- 
mum possible overlap; to do this the bottom 
segments were laid so that the key segments formed 
@ spiral round the lining. The reinforcement was 
incorporated in these segments and omitted in| 
the circumferential joints; this design has been 
found to be suitable for broken ground where | 
liquid grout is used. Segments were laid dry | 
and a horizontal load of 30 tons was applied with | 
a vertical load of 12 tons; cracks occurred at the | 
joints, parallel to the length of the lining. The verti- 
cal and horizontal loads were then each increased to 
100 tons and cracks began to appear in the roof 
segments, Ata vertical load of 130 tons, compression 
cracks appeared at the sides about 2 ft. above the | 
horizontal diameter ; when the load reached 168 
tons, two of the key segments failed. 

A standard form of segment was used for the 
second test, and during the construction of the ring 
the segments were covered with several layers of 
thick brown paper to exclude sand filling from the | 
joints. The circumferential reinforcing rods were. 
grouted up in the joints and the tests were carried | 
out a week after the completion of grouting. Vertical 
and horizontal loads were increased up to 80 tons, 
when hair cracks appeared in the invert; when | 
the load was released and again applied cracks | 
appeared on each side about | ft. above the hori- 
zontal centre line. At a load of 104 tons the 
horizontal load was held constant and the vertical 
load gradually increased. When the vertical load 
reached 172 tons, cracks appeared in the invert and | 
the soffit of the section began to open. A series of 
cracks developed about 1 ft. above the horizontal 
diameter when the vertical load reached 242 tons. 
Final failure of the section occurred under a vertical | 
load of 268 tons. 

An interesting example of the practical applica- 
tion of McAlpine segments is the Norwood Subway, 
built nearly thirty years ago. This runs beneath 
Norwood Junction, where the rail traffic is excep- 
tionally heavy. Owing to this, a reinforced-concrete 
arch was built under each of the six running lines, 
driving of the tunnel being carried out from outside 
railway property. The internal diameter is 9 ft. 6 in. 
and the thickness of each segment 6 in. The fact 
that this subway has stood up to the heavy condi- 
tions of service for such a long period may be taken 
as proof of the sound design and construction of 
these segments. Perhaps the most notable work on 
which the segments were employed on a large 
scale was the West Middlesex Main Drainage system, 
carried out under the supervision of Messrs. J. D. 
and D. M. Watson, MM.Inst.C.E. McAlpine seg- 
ments were used for 22} miles out of the 30 miles of 
sewers which were constructed by Sir Robert 
McAlpine and Sons. The cover over this network 
of tunnels varies from 90 ft. to 8 ft., and in one case 
the sewer runs alongside London’s largest water- 
supply reservoir for a distance of more than a mile. 

Another excellent type of pre-cast concrete 
lining is that patented by Messrs. Erdelyi and 
Vajda, and employed successfully in the lining of 
water tunnels at Budapest and Dortmund. This 
has already been fully described by Dr. K. Hajnal- 
Konyi in Enermeerrme for June 14, 0, on 
page 575. The main feature of the design is the 
primary lining, which is built up of pre-cast blocks 
each weighing 123 lb. and having a length of 13 in. 
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and a thickness of 10 in. ; two sides of each block 
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lare curved to a radius of 2 ft., so that each block | who have carried out a considerable amount of 


fits snugly into its neighbour. The pressure | work for H.M. Government. 


exerted on each block when the shield was being 


Deep tunnels for the conveyance of water are 


advanced through the ground amounted to 1,000 Ib. | being used to an increasing extent, especially in 


per square inch. It is remarkable that in one day 
21 rings of these blocks were erected in one tunnel, 
the final internal diameter of which was 9 ft. 2 in. ; 
this represented a length of nearly 23 ft. of finished 
primary lining. 

The problem of making a tunnel lining watertight 
presents difficulties, and experience has proved that 
it has not yet been solved completely, even by special 
methods of caulking and pressure grouting. The 
cavity lining principle offers the best solution, 
and in this field the work of Messrs. B. H. Colquhoun 
and T. Whitley Moran, MM.Inst.C.E., is worthy of 
note. They have devised and patented a form of 
self-supporting cavity lining which was evolved as 
a result of experience gained during the construction 
of the Mersey Tunnel. The method is simple and 
comprises a secondary lining of reinforced gunite 
within the primary lining of the tunnel. Percolating 
water is collected by suitable drains from the 
cavity so formed, transverse contraction joints being 
provided in the secondary lining. Since the latter 
is free to move independently of the primary lining, 
cracking due to secondary stresses is eliminated. 
This is particularly important in the case of sub- 
aqueous traffic tunnels and subways driven through 
water-bearing ground, as it ensures that the internal 
decorative finish will not be affected by dampness. 
The licensees for this patent in the United Kingdom 
are Messrs. Whitley Moran and Company, Limited, 





| the United States, for the reason that cut-and-cover 


methods in crowded cities may cause considerable 
interference with public activities. Furthermore, 
owing to the complex system of mains, sewers, 
conduits and pipes beneath streets and buildings, 
it is frequently imperative to drive deep tunnels in 
order to avoid interfering with them. An even 
more important advantage of a deep tunnel is that 
it can be aligned on a@ direct route between two 
points, which would be impossible with sub-surface 
mains. 
A useful and instructive paper, presented to the 
Institution of Civil Engineers,* dealt with the 
tunnel for the water-supply of Sydney, 
New South Wales, and a short account of the 
conclusions reached therein should be of value when 
considering the question of lining tunnels of this 
type. The tunnel was driven through Triassic 
sandstone in which thin bands of ironstone filled 
many of the fissures, pronounced current bedding 
being a prominent feature. Throughout the 
total length of 10 miles the tunnel was generally 
dry, but some portions passed through heavily 
waterlogged ground. The following extracts from 
@ paragraph of Mr. Haskin’s paper may be quoted : 





N.S.W.,” by Gerald Haskins, M.Inst.C.E. 
C.E., vol. 234, page 25 (1931-32). 
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‘“* .. it was stated generally that the lining would 
be in high-class concrete. The concrete in the lining 
as constructed cannet be so described. The 
aggregate used was sandstone from the tunnel 
excavation, and the sand was obtained by crushing 
it . . . the compressive strength varies from the 
very low figure of 36 tons to the maximum of 162 tons 
per square foot, and that in most cases the lowest 
results were obtained from specimens in the soffit 
and arch sections of the tunnel, in which the concrete 
was placed with a cement gun.” 

Since there appeared to be some reason to doubt 
the strength of this lining, it was decided to carry 
out tests on sections of the tunnel. Satisfactory 
results were obtained in testing the first 2} miles of 
deep tunnel up to « head of 400 ft.; when the full 
head of 550 ft. was applied, however, rupture of 
the lining occurred over a length of 700 ft. it is 
hardly surprising to learn that throughout. this 
length the rock was of poor quality and was inter- 
sected by many dykes. The remedial treatment 
finally decided upon after an exhaustive study 
consisted of providing a steel lining throughout 
the length of the tunnel, at an estimated cost of 
800,000/. Mr. Haskins, who carried out this work, 
believed that the primary cause of the failure was 
that the Sydney sandstone was not a suitable medium 
through which to drive a high-pressure water 
tunnel. For this reason he pointed out that an 
unreinforced sandstone concrete is not sufficiently 
impervious at the pressure that it was required to 
withstand. 








ReEciprRocaTiIng HanD PuMP: ADDENDUM.—In con- 
nection with the illustrated article on the “ Airpel” 
reciprocating pump, on page 347, anfe, we have been 
asked by the manufacturers, Messrs. Air Port Equipment 
Limited, Wembley, to point out that its construction 
has been patented. 





Srimrvup PUMP ATTACHME,T.—<Any device which will 
make the handling of the well-known fire-fighting stirrup 
pump more effective is desirable at the present time. A 
common drawback in the pump as generally supplied is the 
tendency of the coiled hose to straggle and the plunger 
to pull out when the pump is lifted by the operating 
handle. Messrs. Tangyes, Limited, Cornwall Works, 
Birmingham, have just introduced an attachment which 
not only forms a grip for the hose, but provides a carrying 
handle for the outfit. The device consists of a fork 
belted to the top of the pump barrel and projecting 
horizontally from it. The jaws are serrated on the 
inside to match the coils of the hose, which has then no 
tendency to b tangled yet can be readily uncoiled 
to any amount up to the full length. A carrying handle 
is formed on the top jaw. The device can be attached 
to any existing pump by means of two bolts, no holes 
or other fitting being required in the pump barrel. 
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Aircraft Engines. By A. W. JupeR. Two volumes. 
London: Chapman and Hall, Limited. {Prices; 
net, Vol. I, 16s.; Vol. II, 30s.] 

Mr. Jup@e is @ practised hand at compilation and 

in these two volumes he has put together all that 

the average student or designer wants to know 
about internal-combustion engines in general and 
aircraft engines in particular. The first chapter 
of volume I commences with the usual exposition 
of thermodynamical theory and the next gives the 
usual explanations of the reasons why practice 
diverges from theory. There is an omission here 
which other writers have similarly neglected when 
discussing the effects of heat loss to cylinder walls, 
for no mention seems to be made of the differing 
rates of combustion between the hot core of the 
flame ‘at the centre of the cylinder and the much 
cooler flames in contact with the relatively ¢eold 
internal walls of the ¢ylinder. The deposition of 
carbon. upon such surfaces, as well as piston heads 
and ring grooves, points to actual flame quenching, 
but this is apparently lost sight of when heat losses 
are under quasi-scientific discussion. Flame quench- 
ing persists much more than is discernible during 
the operation of the engine, for the heat generated 
per cycle in the presence of oxygen is continually 
burning off some’ or all of the deposited carbon 
during the time the piston is at or near dead centre 
of ‘the next stroke in sequence; while, during 
expansion, the chilling effect is again favourable to 
flamie quenching and further deposition of carbon. 

The effect: is more noticeable in gas engines than in 

petrol engines, because of the different characteris- 
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tics of the constituent elements; and this perha 
explains why those whose acquaintance is Catnly 
with the cleanly-working petrol éngines are oblivious 
to the experiences of the old-timers who had to 
deal ‘with ‘the ‘low-compression gas and paraffin 
engines, in the latter of which, particularly, the 
quenching effect could not be mistaken. 

But this after all is not the occasion to discuss 
operational divergenties from theoretical theses.’ It 
suffices to say that’ Mr. Judge’ has collected data 
upon all details relevant to aircraft’ from 
the best British, American and Continental prac- 
tice, and has collated them in a manner which is 
invaluable. Each book has an appendix headed 
“Key to Text References’ and these show that 
he has brought together the gist of some 200 up-to- 
date papefé, contributions’ and reports. A task of 
such magnitude’ deserves commendation when it 
has been 80 thoroughly well done: The first volume 
was published in April, 1940 ; the second has just 
beeti issued.’ While the first déalt mainly with 
theoretical and experintental subjects, the later one 
is complementary ‘and ‘i8 ‘concerned’ ‘with descrip- 
tions of modern aircraft engines and their auxiliaries. 
The author explains’ in the ‘preface to volume IT 
that,’ for “obvious reasoris,’ references to British 
practice relate only to engines’ in‘ production prior 
to the outbreak of ‘hostilities, and to certain more 
recent designs fitted #0 American-built aircraft. 
It is stated that recent diselosures in the technical 
Press of the United States concerning the new Rolls- 

‘* Vulture ” and‘ “Griffin ’* and’ the Napier 
“Sabre” appear to bear out the author's conjéctures 
advanced in the ‘opening chapters af ‘thé second 
book. Copiously illustrated descriptions are given 
of many different engines from the earliest to the 
latest types, and are supplemented by performance 
charts. Cranking ‘tests, cold-starting resistances 
and much useful information of similar’ kind ‘is 
given. The advantages of petrol engines nsing fuel 
of high octane value'as compared with Diesel-type 


controls of supercharging’ units are presented in 
much detail, and the natural effect of altitude and 
humidity conditions is well brought out fromm results 


in actual flight:and laboratory experiments. 
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3,000-KW PARSONS PASS-OUT 
TURBO-ALTERNATOR. 


To meet the increased demand for power conse- 
quent upon the growth of their paper-manufacturing 
business, Messrs. James Cropper and Company, 
Limited, Kendal, have found it necessary to extend 
and re-model the power plant of their Burneside 
Mill. Among the principal improvements, carried 
out under the su of their engineer, Mr. 
James Arnot, were the raising of the steam pressure 
and temperature above those previously employed 
and the installation of a 3,000-kW pass-out turbo- 
alternator to under the new conditions. 
Before to describe this machine, it may 
be of interest to refer briefly to the circumstances 
which existed before the reorganisation and which 
led up to the changes how made. 

The main power Ir at the Burneside mill 
formerly consisted two-cylinder side-by-side 
turbine driving both a 1,250-kW direct-current 
generator and a rope y which furnished power 
to the main beater li of the mill. The 
turbine, which was supplied by Messrs. C. A. 
Parsons and Com , Limited, Newcastle-on-Tyne, 
in 1920, was of posmouh trae ssvinged for th 
extraction of steam and 
low-pressure cylinders. It spernsed © th steam at 
a pressare Of 160 Ib. per square inch, superheated 
ee ee was designed to develop 2,250 


ramen fo = 5 aap when passing out 30,000 Ib. of 

ont ee & gauge of 25 Ib. per 
oouak mainder of the steam ohiaies 
to a condenser. Both shafts of the turbine ran at 


5,000 r.p.m., and drove the generator and rope 
pulley, re a at 350 r.p.m. through. double- 
helical gearing. Two auxiliary direct- 
current generators were also installed at the same 
time as the turbine, one of them being driven by a 
high-speed reciprocating steam engine and the other 
by means of a belt from a water turbine. All three 
generators were compound-wound and supplied 
direct current to a three-wire system with 440 volts 
across the outer conductors for the general purposes 
of the mill. They were provided with static balancers 
of which the windings, of the compound type, were 
divided equally between the positive and negative 
poles in order to ensure proper voltage i 
when the system was out of balance, this unbalanced 
condition being always liable to occur. 

In 1924, more power was needed at the firm's 
Cowanhead mill, a mile ands half away. It was 
decided to transmit the 310-kW required by under- 
ground cable from the Burneside mill and, as direct- 
current transmissicn at 440 volts would have been 
uneccnomical, a motor-driven three-phase alternator 
generating current at 3,300 volts was installed at 
the latter mill. Transformers at the Cowanhead 
mill reduced the pressure to 420 volta for the 
operation of various induction motors. A small 
amount of power was also tapped from the 3,300- 
volt cable to supply the Bowston mill, located 
alongside the route. In course of time the extra 
load overtaxed the resources of the direct-current 
plant at the Burneside mill and a 500-kW, 3,300-volt 
turbo-alternator set was therefore installed at this 
maill to relieve the 1,250-kW generator of the power 
requirements of the Cowanhead and Bowston mills 
at periods of maximum demand. 

About three years ago it became evident that the 


1920 had given excellent service, but the time had 
come when more modern steam practice could be 
advantageously adopted. It was decided, therefore, 
to replace the six ee ee ae 


pe ayaa eft amy 
direct ourrent at 440 volte and to provide such 
direct current as was needed by means of a rotary 
converter, 

In order to utilise the advantages of the new 





ade and electrical conditions just referred to, 


ticn | The chief units of the new plant are seen in Fig. 1, 





Messrs. Cropper placed an order with Messrs. C. A. 
Parsons and Company, Limited, for a 3,000-kW 
turbo-generating unit to supply three-phase 50-cycle 
current at 3,300 volts. The adoption of this voltage 
made it possible to shut down the motor-driven 
three-phase alternator at Burneside mill and to 
supply the Cowanhead mill directly from the switch- 
board at Burneside. The conversicn losses were 
thus saved and the demand for direct current 
reduced at the same time. To provide a supply for 
the direct-current motors, a 1,250-kW rotary con- 
verter was installed, such a machine being considered 
prefeeable to om ove sestifier boenmen atte neseuaay 


The beater line-shaft, originally driven ropes 
from the two-cylinder geared turbine, is now driven | 
by a 700-h.p., 3,300-volt squirrel-cage induction 
motor, 
switched directly on 
runs at 7365 r.p.m. wad drives the basher as-aheht| eae 
at 105 r.p.m. through double- Pabey aah pF. om 
supplied by Messrs. David Bro 
Limited, Huddersfield. 


verter, and the 700-h.p. 3,300-volt squirrel-cage 
induction motor, with the reduction gear, were 
designed and supplied by Messrs. Mather and Platt, 
Limited, Manchester. 

The old 2,250-h.p. direct-current turbo-generator 
and the 500-kW turbo-alternator are both retained 
as stand-by plant. A new main switchboard, of the 
draw-out panel type, has been installed at the 
Burneside mill. This board consists of two alter- 
nator panels and four feeder panels, one of the latter 
for the transformer of the rotary converter, one for 
the Cowanhead feeder, one for the 700-h.p. beater 
line-shaft motor, and one for the transformer 
supplying the power-house auxiliaries. This main 
switchboard was supplied by Messrs. Mather and 
Platt, but was made by Messrs Ferguson, Pailin, 
Limited, Manchester, and is of that firm’s B.V. type. 


Plate XXX, with the 3,000-kW Parsons’ pass-out 
turbine to the right and the directly-driven alter- 
nator and part of the switchboard to the left, the 
view showing the plant as installed in the engine 
room of the Burneside mill. A view of the steam 
end of the turbine with the overload and pass-out 
control gear is given in Fig. 4, Plate XXXI. The 
turbo-alternator unit is equipped with the usual 
surface-condensing plant and auxiliaries. The 
turbine takes steam at a gauge pressure of 275 Ib. 
per square inch, superheated to 600 deg. F. at 
the stop valve, and passes out partially-expanded 
conmn oho Game Benstane 66-58. Bes © inch 
for process work. At the normal full of 3,000 
kW, the quantity of steam passed out may be from 
30,000 Ib. to 35,C00 Ib. per hour, with a corresponding 
variation in the quantity exhausted to the condenser. 
A load of 1,850 kW can be carried continuously 


bleding material is stainless steel throughout. 
The rotor, including the Curtis wheel, the dummy 
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remainder passing onwards through the butterfly 
valve to complete its expansion in the low-pressure 
section of the blading and finally to exhaust to the 
condenser. The mechanism by which the pass-out 
steam is maintained at a constant pressure, regard- 
less of the quantity extracted or the load on the 
turbine, is described in connection with the 
governing and control gear. 

The governing and control gear seen in Fig. 4, 
should be considered in conjunction with the 
detailed sectional views, Fig. 5, Plate XX XI, and 
Figs. 6 to 10, page 390. It must be realised, how- 
ever, that the views given in Fig. 5 are arranged 
diagrammatically and that they do not occupy the 
;|}Same relative positions as shown in Fig. 4, while 
the connections between the various units are 
ws rea hy oe Sr eee 
Ny Be a oil is trans- 

partys paren In order to clarify 
the position, however, it may be noted that the 


acto | The governor valve d and the overload 
valve e, Fig. 5, are seen in Fig. 4 at the right-hand 
bottom corner, one above the other. Just behind 
them in this view is the pass-out pressure regulator /, 
Fig. 5, while projecting from the top of the turbine 
at the right-hand in Fig. 4 is seen the rotary 
y valve g, Fig. 5. It will be realised from 
its position and by a reference to Fig. 2 that this 
valve controls the diaphragm butterfly valve. The 
main oil pump ¢, Fig. 5, is on the left of the turbine 
casing in Fig. 4, in front of the runaway stop- 
valve. 

In following the operation of the controls, « 
beginning may be made with the main pump. This 
is seen at the top of Fig. 5 and will be realised as 
being of the gear type driven by worm gearing 
from the end of the turbine shaft, as shown at the 
extreme left of Fig. 2. Returning to Fig. 5, it will 
be noticed that the spring-Icaded centrifugal 
governor is mounted on the pump wormwheel and 
that the tachometer is driven from the governor. 
The main pump delivers to two of the control 
units, viz., the runaway trip gear b, and the rotary 
oil relay valve g. The delivery pipe is also con- 
nected with the cooler and bearings, through a 
reducing valve, and’ to the delivery pipe of the 
auxiliary oil pump, a non-return valve permitting 
passage of oil from this pump to the pressure oil 
system and preventing flow in the opposite direc- 
tion. The normal working pressure of both pumps 
is, of course, the same, and is 70 Ib. per square 
inch. Having thus indicated the source of the 
pressure oil, the method of utilising it for the 
controls may be outlined, the first unit to be con- 
sidered being the runaway stop valve a, Fig. 5. 

Steam enters the steam chest of the turbine 
through this valve, which is of the double-beat type 
and can be operated by hand in the ordinary way, 
but closes automatically when the turbine runs 
at over speed or when the oil supply fails. It may 
also be tripped at any time by the attendant. The 

valve spindle carries at the top a piston i, to the 
underside of which the oil is admitted after passing 
through the runaway trip gear. The pressure oil 
rat pe ty arta Rg 
A sleeve j resting on a shoulder of the piston ¢ 
carried on the screwed spindle of the operating 
handwheel. When the valve is closed, i.c., when 
in the position shown in Fig. 5, it will be clear that 
it is rigidly held down on its seats, and that a small 
port & in the piston is sealed by the bottom of the 
sleeve j. But although the valve can be closed, 
either partly or wholly, by the handwheel, its 
pe a ghd se oar the oil ure, manipulation 
of the handwheel having an indirect effect only. 
In order to admit steam to the turbine, the sleeve jg 
is slowly raised by turning the handwheel, and, 
since the oil pressure keeps the piston i up against 
the sleeve j, the amount of opening can thus be 
regulated precisely. Should the oil pressure fail, 
pe eyitge either due to the operation of the emer- 
gency trip gear or from any other cause, the sto 
valve be immediately and automatically 

by the spring above the piston. As soon as the 
valve and piston commence to descend it will be 
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clear that the port. & is uncovered, and the oil 
escapes into the spring chamber, from which it is 
subsequently drained. This opening of the port 
naturally conduces to a rapid closing movement, 
as there is then virtually no pressure acting against 
the spring. Obviously, the turbine can only be 
restarted after an automatic closing by the attendant 
screwing down the handwheel until the port & is 
again sealed. When this is done, he can, of course, 
re-open the valve, provided the oil pressure has been 
restored. Excessive loss of oil through the port is 
prevented by restricting the oil at the point of entry 
to the underside of the piston by fitting a small 
orifice plate. 

The steam after passing the runaway stop valve 
is regulated by the governor valve, again of the 
double-beat type, seen at the bottom of Fig. 5. 
The valve, it will be clear, is also oil-actuated, the 
spindle carrying a spring-loaded piston. The oil 
supply to the underside of the piston is derived 
from the governor control valve, as can be under- 
stood by following the run of the pipe between the 
two points. The governor sleeve, which is traversed 
by the movement of the centrifugally-operated 
weights, actuates a piston valve 1, which may be 
called the governor plunger, the pressure oil entering 
a chamber m from the main pump by way of the 
runaway trip gear. The governor plunger recipro- 
cates in a bush furnished with ports, through which 
the oil passes from chamber m to chamber n, and 
thence to the governor valve piston. It will be 
clear from Fig. 5 that, in the starting position of the 
governor as there shown, there is a clear passage 
through the governor plunger at the inner edge of 
the left-hand disc. On starting the auxiliary oil 
pump the oil escapes through the passage to the 
governor valve in the steam chest, and causes this 
valve to open. The governor valve is connected 
by a lever train to the governor bush, and as the 
valve opens the bush is moved to the left until 
the port is covered by the disc on the plunger /. 
The valve is then locked in an open position. As 
the turbine picks up speed the governor weights 
diverge and the sleeve moves to the right, thus 
uncovering the controlling ports. Oil now escapes 
from the under side of the governor valve piston 
and the valve closes until it reaches the no-load 
governing position. 

Should the turbine speed rise above the normal, 
the movement of the governor plunger to the 
right uncovers the port at the outer edge of the 
left-hand disc. This allows the oil under the 
piston of the governor valve to escape into the 
gear-wheel chamber and the spring above this 
piston to start the closing of the valve. The 
resulting speed decrease causes the reverse action 
and normal running speed conditions are again 
reached. It may be, however, that the speed 
continues to fall when the governor valve is wide 
open and in this condition the oil being pumped 
under the piston causes a movement of the valve 
spindle, to the right in Fig. 5, beyond the normal. 
This movement depresses the free end of the lever o 
until it comes into contact with the free end of the 
lever p, on the spindle of the overload valve. This 
movement opens the overload valve and admits 
steam to the secondary group of turbine nozzles, 
which then cause the extra power required to be 
developed and the speed is restored to normal. 

Examination of the governor gear at the top of 
Fig. 5 will disclose two points in connection with the 
plunger sleeve calling for comment: the first that it 
has ports to the right of the right-hand disc of the 
plunger, the second that it has a reciprocating 
movement of its own. The ports to the right play 
no part in controlling the oil flow ; they are merely 
present to prevent an oil lock in the sleeve from 
leakage past the disc. The object of providing the 
sleeve with a reciprocating movement will be clear 
after consideration of the other parts of the control 
gear. Two of these parts are the rotary oil relay 
valve d and the pass-out pressure regulator f. The 
action of the relay valve is determined by the 
pressure regulator. This consists essentially of a 
spring-loaded piston which rises and falls in con- 
formity with the pressure of the steam at the 
pass-out belt of the turbine. The piston rod is 
coupled to one end of a floating lever at the point q, 
the fulcrum of which is at r and which carries, at 





the points s and ¢, a pair of rods, one 
the rotary oil relay valve and the 
governor plunger sleeve. Should the demand for 


ment being accompanied by a corresponding rise 
the two rods just referred to: The rise 


passes to the low-pressure blading. 

This augmented steam flow would result in an 
increase in the speed-of the turbine were it not for 
the simultaneous motion of the plunger sleeve 
control rod, which actuates the sleeve through 
bell-crank lever systems shown on the right of 
Fig. 5. The rising of the plunger-sleeve control 
rod pushes the plunger sleeve inwards and thus 
increases the opening of the left-hand port for 
release of the oil below the governor valve piston, 
the spring of which then starts to close the valve 
and so reduces the supply of steam to the turbine. 
This closing movement of the valve is accompanied 
by a traverse of its spindle to the left in Fig. 5 
and the slotted cam u at the end of the spindle 
results in the lowering of the fulcrum r, a movement 
which naturally lowers both points s and t, since 
the point’g then becomes the fulcrum of the lever, 
though the actual dis t of the point ¢ is 
8o very small that it may be regarded as practically 
stationary. The tendency for the turbine speed 
to vary with the quantity of steam extracted is 
therefore neutralised, so that neither load nor 
speed are affected by variation in the quantity of 
steam passed out. Suppose now that the load 
changes but that the quantity of pass-out steam is 
required to remain constant. An increase of load 
will tend to lower the turbine speed and, to counter- 
act.this, more steam will be admitted by the gover- 
nor valve in the ordinary way. This would have the 
effect of increasing the pressure in the pass-out 
belt, but the resulting opening of the governor valve, 
with the accompanying. movement to the right 
of the cam wu, will cause a rise of the point r. This, 
in turn, lifts the point s, which movement is followed 
by « further opening of the butterfly valve. The 
increased admission of steam by the governor will 
therefore be accompanied by an increase in the 
quantity passed to the condenser, so that the addi- 
tional load on the turbine is taken care of without 
sensibly altering the pressure at the pass-out point. 
The actual value of the pass-out pressure can be 
varied by the handwheel on the pass-out regulator, 
while the speed of the machine can be adjusted by 
the handwheel on the runaway stop valve. 

Before describing the construction of the butterfly 
valve control, it may be pointed out that while 
there will be no difficulty in identifying the levers 
and rods between the governor valve, pass-out 
regulator and rotary relay valve in Fig. 4, the rod 

ing the bell-crank levers in Fig. 5 may be 
difficult to pick out since in this figure all the rods 
are apparently in the same plane. Actually, the 
bell-crank connecting rod lies horizontally, as shown 
in Fig. 4, and the other rods are vertical. The 
runaway trip valve b, Fig. 5, is of more conventional 
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leading to the main stop valve and the governor 
is free to escape and the springs above 

close them automatically. An analo- 
with the rotary oil relay valve. 
w may be released at will by a lever 
casing should the attendant wish to 
ine suddenly or to test the gear. The 
readily reset by depressing the 
should be noted, of course, that when 

i takes place the flow of oil to the bearings 
is not interfered with. 

The construction of the rotary oil relay valve is 
shown in Figs. 6 to 10, page 390. The butterfly valve 
itself is indicated at a. Its spindle is prolonged into 
the control valve body, where it carries a two-vaned 
rotor b. Two projections on the inside of the body, 
in conjunction with the vanes, divide the annular 
space round the rotor boss into four compartments. 
The opposite pairs of compartments communicate 
with one another by ports through the rotor boss 
seen in Fig. 8. By the admission of pressure oil 
from one pair of compartments and its escape from 
the other pair, the rotor, spindle and butterfly valve 
can be turned through an angle of 90 deg., the 
extreme degree of movement being limited by stops, 
as shown in Fig. 8. The oil admission and release is 
controlled by the piston valve c, Fig. 7, which 
valve has five discs. The pressure oil enters at the 
centre of the valve. The piston valve spindle is 
coupled to a floating lever d. One end of this lever 
is connected to the lever on the pass-out regulator, 
as will be clear from Fig. 5, and the other end to a 
spring-loaded plunger ¢. The plunger is furnished 
with a roller, which is kept, by the spring, in contact 
with the cam f on the butterfly valve spindle. When 
the piston valve is raised or lowered by the action 
of the pass-out pressure regulator, as already des- 
cribed, the plunger end of the lever acting as a 
fulcrum, oil is admitted to one pair of compart- 
ments and released from the other, and the butterfly 
valve is turned in the appropriate direction. As it 
turns, however, the cam comes into operation and, 
the other end of the lever becoming the fulcrum, 
the motion of the piston valve is so altered that it 
is restored to its neutral position and the movement 
of the butterfly valve arrested. A pointer g on the 
spindle indicates the position of the butterfly valve 
at any time, this pointer being visible in Fig. 6. 

The turbine is provided with a two-pass Parsons 
surface condenser, 1,290 tubes, ? in. in external 
diameter, providing the cooling surface. A two- 
stage steam-jet air ejector is fitted to deal with 
air and non-condensible gases, the condensate being 
handled by a horizontal motor-driven centrifugal 
pump. The alternator is designed for a continuous 
maximum output of 3,750 kVA at 3,300 volts, 
0-8 power factor, and a speed of 3,000 r.p.m. The 
construction follows Messrs, C. A. Parsons’ standard 
practice for alternators of this size and type, the 
latest improvements being, of course, embodied. 
A longitudinal sectional view is given in Fig. 3, 
Plate XXX, its external appearance being shown 
on the left of Fig. 1. The stator is fabricated from 
electrically-welded steel plates and bars, and the 
core, which is built up of enamelled laminations 
assembled under pressure, is held by cast-iron end- 
plates with non-magnetic steel fingers to give 
su between the conductor slots. No through- 

its are employed. 

The stator winding is of the two-layer coil type, 
the coils being formed and completely insulated 
before being placed in the slots. All the coils are 
pitch type, a con- 

both 
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of the inter-coil connections and stator leads, the 
whole of the end-windings were impregnated in a 
high-vacuum plant. The windings are dried out in 
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the tank under a vacuum of about 29-9 in. of mer- 


cury, and then impregnated with varnish at a pres- | 


sure of 30 lb. per square inch for several hours. After 
draining off the varnish, the windings are again 
dried out and the varnish oxidised by the circulation 
of warm dried air. The method adopted leaves the 
insulation resistance of the windings appreciably 
higher than can be obtained by the older method 
of drying at a moderate vacuum and spraying with 
varnish. 

The end shields of the stator are made of non- 


magnetic and non-conducting material, the use of | 


which effects an appreciable reduction in eddy- 
current losses. The light weight of these shields is 
a further advantage, as it permits them to be easily 
handled or removed for inspection of the alternator. 
The rotor is machined from a single forging, tre- 
panned through from end to end in order to enable 
the interior to be examined and test pieces to be 


taken from the core. The winding is of machine- | 


formed copper strip embedded in radial slots and 
insulated with micanite. The end-turns are braced 
by packings of Bakelised asbestos and supported by 
non-magnetic steel caps. The finished rotor was 
dynamically balanced and submitted to a severe 
overspeed test in accordance with Messrs. Parsons’ 
practice. Excitation current is provided by an 
exciter mounted on an extension of the rotor shaft, 
as shown at the right of Fig. 3. 

The alternator is ventilated on the closed-circuit 
system, so that the whole of the windings of both 
stator and rotor are protected from dust and mois- 
ture. The same air is kept in constant circulation 
by fans on the rotor shaft, the heat picked up being 
continuously extracted by an air cooler mounted 
in the foundations. The cooled air is delivered by 
the fans directly into the spaces enclosed by the 
end-shields. A part of the air, after cooling tise end- 
windings, passes into the gap between the stator 
and the rotor, and thence radially outwards through 
ducts in the stator core to the exhaust compart- 
ments, one at each end of the casing. The remainder 
of the air is led to the central compartment of the 
casing, whence it passes radially inwards through 
the core to the rotor, then in both directions along 
the air gap and finally radially outwards to the 
exhaust compartments. The exciter has its own 
ventilating system, the air being drawn in by a fan 
on the inboard side of the armature and discharged 
across the commutator after cooling the magnets 
and armature. This arrangement ensures that any 
dust from the carbon brushes is blown clear of the 

ings. A dial thermometer at the side of the 
alternator shows the temperature of the air entering 
the machine and an audible warning is given by a 


LOW-HEIGHT ELECTRIC MINE- 
HAULAGE LOCOMOTIVE. 


Wauew working a thin vein in a mine in which haulage | 
is done by an electric locomotive, it is clearly an 
advantage to keep the tunnel as shallow as possible, 
its height being determined not by the thickness of | ¢ 
the vein, but by the headroom required for the units 
of the haulage system, otherwise there may be a 
considerable amount of useless spoil to take away from 
the top and bottom. The low-height electric haulage 
locomotive shown in the accompanying illustration has 
been introduced recently by Messrs. General Electric 
Company, Nggrvcmmninrs i New York, U.S.A., in order 
to eli te unnecessary excavation, and, we under- 
stand, is nearly 9 in. less in height than the lowest 
locomotive of equal size and power hitherto built. 
The overall height from the rail to the top of the 
locomotive is only 26 in. At each end is a recess for 
the motorman and the haulage attendant, the foot- 
plates being 4} in. above rail level, so that the men, 
when sitting in the are not unduly cramped. 








Klaxon horn should a pre-determined temperature 
be exceeded. In the event of a failure of the water 
supply to the air coolers, the alternator can be | 
operated with an open-air circuit, emergency doors | 
being fitted for this 

When giving permission for the publication of | 
this account of their new plant, Messrs. James 
Cropper and Company, Limited, desired that we 
should record their appreciation of the way in 
which Messrs. C. A. Parsons and Company, Limited, 
and Messrs. Mather and Platt, Limited, completed | springs 
their respective contracts during a most difficult 
period. They add that the machinery is 
to their entire satisfaction, and that on test the 
turbo-alternator exceeded the guaranteed efficiency 
by more than 2} per cent. 








PRODUCTION OF MOTOR CARS IN THE UNITED STaTES.— 


The retail sale of motor cars and commercial vehicles in 
the United States totalled 4,094,354 vehicles in 1940, 
this figure being 26 per cent. higher than that for 1939, 
namely, 3,244,278 vehicles. The 1940 total included | 
3,461,791 passenger motor cars, an increase of 27 per cent., 








21-5 per cent. over the 1939 figures. 





TIMBER FOR RoaD-VEHICLE Bopres.—As the Minister 
of Supply is now responsible for the production of all 
new road vehicles (except electric battery vehicles), appli- 
cations for certificates to purchase timber for the con- 
struction of new bodies on new chassis should, in future, | 
be made to the Ministry of Supply, T.T.2, Ivybridge | 
House, Adam-street, London, W.C.2. The numbers ot | 
the Minister of Transport’s licences to acquire the new | 





vehicles for which the bodies are required should be quoted. | series-wound with commutating poles, and are con- 


The overall width over the external trolley pole socket 
is 7 ft. 2 in., and without the socket is 6 ft. 2 in., the 
trolley pole being in this case within the side face of the 
locomotive. An external trolley socket is shown in the 
| illustration. It is arranged so that the trolley base can 
be raised to a height such that the pole can be swung 
over the locomotive into the correct trailing position 
for reversal of the train. This operation is effected 
by compressed-air mechanism. 
The construction of the locomotive body will be 
clear from the illustration. It is carried on helical 
i on a side frames, with external axle- 
eax between two axles, which have a wheelbase 
of 7 ft. 6 in. The wheels are 23 in. in diameter over 
the treads. The overall length is 20 ft. 8 in., the 
ends being formed with curved bumpers, which, in 
addition to carrying the coupli form reservoirs for 
the compressed air used for braking, etc. These ends 
are welded throughout and are attached to the body by 
welding. The rail gauge is 3 ft. 8 in. Both axles are 
driven, the individual drives consisting of a motor 
ing with ite axis longitudinal to the frame and a 
little above the centres of the axles. The motor shaft 
is coupled to a gearbox on the axle through a short 
shaft having a universal coupling at each end and a 
slip joint. The gearbox contains a double-reduction 
peat the first element of which consists of a spiral 
vel pinion and wheel, while the second element 
consists of a double-helical pinion and wheel, the latter 
of the anti-fiction type All the drive bearings are 
of the anti-friction type except those for the axles, 


which are — —— of lubricant is prevented and 
dirt is ex nded oil seals, and splash lubrication 
with basins is fi to oil to all 


The motors ate of the firm’s GE-1204 type and 
have cylindrical casings with the armature bearings 
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ELECTRIC MINE-HAULAGE LOCOMOTIVE. 


MESSRS. GENERAL ELECTRIC COMPANY, SCHENECTADY, NEW YORK, U.S.A. 





| mected in parallel. With a direct-current supply at 
| 250 volts they have a continuous rating of 84 h.p. at 
| the first motion pinion and a one-hour rating of 90 h.p. 
The rated camlas pull is 7,500 lb. at a locomotive 
| speed of 7 m.p.h., and a starting tractive effort of 
9,000 Ib. A motor-driven compressor is provided for 
charging the end reservoirs, the pressure being auto- 
matically maintained by a governor. The locomotive 
is controlled by a tramway-type controller having 10 
which enable smooth and rapid acceleration to 
be obtained under normal loading and provide the 
maximum tractive effort for starting heavy loads. The 
controller will be noticed in the illustration under the 
driver’s right hand. There is a small master controller, 
a hand-operated reverse, air-operated contactors con- 
trolled by magnet valves or solenoids, as desired, and 
an overload relay. A valve at the driver’s left hand 
controls the air supply to the two equalised brake 
cylinders for the wheel brakes, the air-operated sanding 
gear and the whistle. A se te air valve controls 
the raising of the trolley pole. A wheel for a hand- 
operated brake is situated near the main air valve, 
this brake being used to hold the locomotive at rest 
and for emergency application. The total weight of 
the locomotive is 30,000 Ib. 





WATER POWER RESOURCES OF 
CANADA. 


Tue annual inventory of the developed and unde- 
veloped water power resources of Canada, which has 
recently been completed by the Dominion Water and 
Power Bureau of the Department of Mines and Re- 
sources, Ottawa, for the year 1940, shows that the 
available water power in that country totals 20,347,400 
h.p. under conditions of ordi maximum flow and 
that 33,617,000 h.p. is generally available for six 
months of the year. The total turbine-installation on 
January 1, 1941, was 8,584,438 h.p., these — being 
based upon rapids, falls and power sites of which the 
actual drop or the head possible has been measured or 
at least carefully estimated. In addition, there are 
many mmowied rapids fle of undetermined poe 
ity, especially in the northern districts. No con- 

ration has been given, however, to the power con- 
conieylions which are feasible on rivers and streams of 
rug gradient, where economic heads may be created 
y the construction of dams, unless definite studies have 
been carried out. In brief, the figures quoted represent 
only the minimum water power possibilities of the 
Dominion. 

The estimates have been calculated on the 
basis of 24-hour power at 80 per cent. efficiency for 
conditions of “ Ordinary Minimum Flow ” and “ Ordi- 
Six Months’ Flow.” The “O Minimum 
Flow ” is based on the averages of the flows for the 





| mounted in separate heads. They are self-ventilated, 





two lowest periods of seven consecutive days in each 
year over the periods for which records are available. 
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The “ Ordinary Six Months’ Flow ” is based upon the 
continuous power indicated by the flow of the stream 
for six months in the year. Estimates of power on 
the basis of ordinary six months flow are made upon 
the assumption that it is good commercial practice to 
install plant up to an amount the continued operation 
of which can be assured during six months of the year, 
the energy during the remainder of the year being 
provided from storage, by intercommunication with 
other plants, by operating under differetit load condi- 
tions or by the installation of fuel power plants as 
auxiliaries. That this method is conservative is shown 
by an analysis of the water power plants scattered 
from coast to coast concerning which complete data on 
the turbine installation and satisfactory information 
as to stream flow are available. The analysis shows the 
average machine installation to be 30 per cent. greater 
than the ordinary six months’ flow basis. Thus the 
figures quoted above indicate that the present recorded 
water power resources of the Dominion will permit of a 
turbine installation of about 43,700,000 h.p. The 
t turbine installation, therefore, indicates a 
development of slightly less than 19% per cent. of the 
present recorded water powerresources of the Dominion. 
Of the total turbine installation, 4,320,943 h.p. is 
situated in Quebec and 2,597,595 h.p. in Ontario. The 
available 24-hour power at 80 per cent. efficiency at 
ordi six months’ flow is 13,064,000 h.p. in the 
former and 6,940,000 h.p. in the latter province. There 
is thus a fortunate incidence of power resources in the 
i ial provinces and in proximity to the largest 
known mineral deposits and pulp-wood supplies. More- 
over, it is interesting to note that the present installa- 
tion in Quebec represents more than 50 per cent. of 
the total for Canada and that about 83 per cent. of 
this is operated by six large central station organisa- 
tions. In Ontario the Hydro-Electric Power Commis- 
sion operates plant aggregating more than 65 per cent. 
of the total hydraulic installation of the province. The 
significance of this is apparent when it is stated that 
approximately 60 per cent. of the total available water 
resources and more than 80 per cent. of the developed 
water power are located in Ontario and Quebec, in 


| which there are no known coal deposits. The advan- 


tages of this favourable distribution are being more 
widely reslised as the development of other natural 
resources throughout Canada is progressively under- 
taken. 

Of the total installation, 7,587,725 h.p., or 88-4 per 
cent., is utilised for the generation of electricity for 


which represented 33-5 per cent. of the total 

tion. The plant in pulp and paper mills amounts to 
649,801 h.p., or 7-6 per cent. of the total. This figure, 
however, only represents about one-third of the total 
hydraulic power used by the industry, as electric motors 
supplied from the public mains have a rating — 
double that of the turbines. The preponderance of 
water power in the central station industry is such that 
98 per cent. of all the electricity generated for sale and 
export is hydraulic in origin and that 95 per cent. of 
the industry’s generating equipment is operated by 
hydraulic turbines. Almost 75 per cent. of the elec- 
tricity generated is for power purposes, 8-75 per cent. 
for farm and domestic use, 4-2 per cent. for commercial 
lighting, and 0-8 per cent. for street lighting, while 
11-3 per cent. represents line transformer losses. 
the energy sold for power more than 61 cent. was 
consumed by the wood and paper industries, and some 
20 per cent. by the non-ferrous metals group. Following 
the outbreak of war and the consequent development 
of a large-scale munitions industry, great efforts have 
been made to ensure adequate supplies of power. 
Much has been accomplished by the continuance of 
daylight saving throughout the winter months and by 
a curtailment of the use of electricity in electric steam 
boilers. The latter economy alone has resulted in the 
diversion of 1,750,000,000 k to war-time industries. 








LICENCES FOR Goops VEHICLEs.—At Cardiff City 
Police Court recently a local operater was fined for 
acquiring a goods vehicle without a licence, as required 
under the Emergency Powers (Defence) Acquisition and 


public supply. In 1900, the figure was only 47,929 or dri 


KNEE-TYPE UNIVERSAL 
MILLING MACHINE. 


Tae horizontal all- milling machine shown 


in the accompanying illustration is a recent design by 
Messrs. Midgley and Sutcliffe, Hunslet, Leeds, 10, and 
is of the knee with double overarm and overarm 


sw . The table has a working surface of 35 in. b 
i) Le vith an automatic longitudinal traverse of 20 “” 
and a transverse hand traverse of 6 in. The table 
knee has a vertical hand traverse of 134 in. It may be 
noted, however, that. the table, in the illustration, 
is somewhat obscured by the universal dividing head 
seen mounted at its right-hand end, the change-gears 
indicating that the head enables differential indexing 
pe) owe ws Poe anvets Saray Son ante fare 
and the headstock can be swive' both in the hori- 
zontal and vertical planes. The height of the centres 
is 4 in., and the spindle is bored with a hole # in. in 
diameter, with a taper-bored nose and screw for a 
chuck. The table is provided with three machined 
Tee-slots. The working surface, which is ground, is 
surrounded by a cutting lubricant trough, the lubricant 
being returned through a swivelling ps. nde ic tube to 
a reservoir formed in the base of the machine. 

table saddle is arranged to swivel through 45 deg. on 
each side of the centre, a circular dial graduated in 
— err J provided, and also a locking device. 

e saddle has automatic reversible feeds in the 
longitudinal direction, six changes, with a e of 
from } in. to 10} in. per minute, being provided. Control 
is by means of a lever, and automatic disengagement 
is arranged for at the ends of the traverse. The 
transverse and vertical motions being hand-operated, 
are provided with micrometer dials to 0-001 in. 
The spindle drive is by a motor carried on a hinged 
bracket attached to the machine base and the trans- 
mission is by means of multiple Vee-belts to the gearbox. 
This box has two ranges of six speeds, either from 
30 r.p.m. to 360 r.p.m. or from 60 r.p.m. to 720 r.p.m., 
the speeds selected by the two levers seen on 
the right hand of the columns, used in conjunction with 
a direct-reading dial. The are of hardened nickel 
steel sliding on splined The spi is of high- 
carbon steel, ground all over, and the nose is bored 
to 1} in. British standard steep taper. It is mounted 
on taper-roller bearings, pre-loaded during 
assembly, an arrangement i freedom from 
vibration and chatter, and enab the original align- 
ment to be maintained after adjustment for wear. 
The general layout of the machine will be clear from 
the illustration. The base and column are of substan- 
tial proportions and the overarm sockets are of ade- 
quate length. The overarms are of large diameter 
and the bracket which joins them and carries the 
bearing for the outer arbor is bolted to the double 
strut, with the result that the spindle is very rigidly 
supported. The face on the column front for the 
bracket is finished by grinding. Forced lubrication to 
all the working parts is provided by a motor-driven 
pump lccated in the machine body and an oil-sight 
mr is provided. There is also a cutting-lubricant 
pump. A control panel on the right-hand side of the 
machine gives push-button operation and is provided 
with a no-voltage and three overload relays for the main 
iving motor and a rotary switch for pump control. 
The electrical gear includes all wiring, fuse, etc., so that 
the machine is supplied ready for connecting to the 
mains. It is known as the “Type H2S” Richmond 
all-geared universal milling machine. 








SPARE PARTS FOR COMMERCIAL VEHICLES.—The Minis- 
ter of Supply stated in Parliament recently that arrange- 
ments for improving the supply of spare parts for com- 
mercial road vehicles were now in hand. 





INSTRUCTIONS FOR DEALING WITH INCENDIARY-BOoMB 
Frres.—The Ministry of Home Security has recently 
issued a notice with regard to the use of the stirrup 


Of | pump for fighting incendiary-bomb fires. The Ministry’s 
recommendation 


is to use plain water projected by 
a stirrup pump, and this advice is based on long experi- 
mental work which shows that an incendiary bomb, 
in average circumstances, can be dealt with by this 
method in about 50 seconds. Water has the advantage 
of low cost, an important consideration when it is 
remembered that the control of the bomb is of minor 
importance compared with the extinguishing of the fire 
likely to result from it. These two operations may 
demand attention simultaneously and the nozzle of the 
pump is designed for that purpose. The Ministry has 
tested a large number of specially prepared liquids and 
powders and has found that in no case did the liquid 
have any significant advantage over water used with a 
stirrup pump; neither did any powder show any advan- 
tage over sand. Moreover, some preparations of this 
kind emit fumes or dense smoke, which are in some cases 
poisonous, and in others make the preparation quite 








Disposal of Motor Vehicles Order, 1940, 


unsuitable for use indoors. 
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PROGRESS IN TIN RESEARCH. 


Dvurnine 1940, the research and technical develop- 
ment activities of the Tin Research age oy = an 
organisation maintained and controlled the Inter- 
national Tin Research and Development were 
mainly concentrated on short-term problems connected 
with the application of tin to war-time industries and 
long-term researches have been slowed down somewhat. 
Numerous war-time industrial inquiries have been 
dealt with and practical assistance om 5 in many 
problems, including those concerned with the tinning 
= steel enn eoheaiiine for munitions, the prevention of 
ittlement in electro-tinned engine parts, 

pap ay testing of new surfaces. It is stated 
in the annual report of the Institute for 1940, that 
the technical success of the process for peoventing |" 
the sulphur staining of the inside surfaces of tins of 
preserved foodstuffs, and of their contents, upon which 
the Institute has been working for some time sam 
has been established. The process, which has n 
briefly described in our columns,* consists essentially 
in coating the tin-plate with a thin, invisible film of 
oxide by dipping in a hot alkaline solution containing 
sodium phosphate and a chromate. Trials conducted 
in the Institute’s own laboratories, in those of the 
Fruit and Vegetable Preservation Research Station, 
Campden, and in the works of a number of canners 
have shown that the treatment is most efficacious for 
meat tins. In view of the keen interest expressed by | a 
tinned-meat manufacturers in New Australia 
and South America, designs are being worked out for | o 
automatic plant for the oxide-film treatment of tins 
and tin-plate sheets. Experiments are being continued 
on the peyr en of rym oxide films on tin-plate 


for pu than canning. 
foe snydroind discovery of the Institute is that to 

which the name “ speculum Ly has been given. 
The white tin bronze employed in process contains 
from 40 per cent. to 45 per cent. of tin, the balance 
being copper. The deposit is found to be not quite 
so tarnish-resisting as chromium plating, but it is 
stated to be easily re . The commercial develop- 
ment of the process, ver, has been hindered by the 
war, but two new plants have been installed in this 
country and others are being considered. bee no 
work carried out in 1940 has shown that a 
objection to the electro-tinning of parts which have 
subsequently to be soldered has been traced to the 
adoption of too thin a tin coating. This appears to be 
converted, by diffusion, into an a ye not easily 

“wetted” by the molten solder. troubles have 
been found to disappear if the coating is of adequate 
thickness and parts may be readily soldered weg 
the use of corrosive fluxes. This, it is em 


installed when the report was issued. This 


important acquisitions are a 15-ton “Avery. tensile- 
testing machine and a Vickers hardness- ma- 
chine, which have enabled the researches on tin alloys 
to proceed much more rapidly than was possible when 
ing had to be conducted in the laboratories of other 
institutions. The researches on alloys have also been 
helped considerably by the installation of electric ovens 
whey Ay — and te The 
tory “py lately equipped 

fe See ae 6 eee ee en ein, edetenns 

a@ grease pot, a va 

—_— for and electric 
Sie in a 








AIR-RAID PRECAUTIONS IN 
ELECTROPLATING SHOPS. 
THE of H Sec has recently issued 
should be taken in all electroplating departments in 
to 
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PERSONAL. 


Mr. H. EK. Pircarp, A.R.S.M., has been elected an 
honorary member of the Institution of Mining and 
Metallurgy in recognition of his distinguished services to 
metallurgy. 

Mr. A. E. Itirre, of Messrs. Benjamin Electric, 
Limited, has been unanimously re-elected of 
the Electric Light Fittings Association, Kern House, 
Kingsway, London, W.C.2, for the third year in 
succession. 

Mr. A. R. Smrrg and Mr. H. S. Coorger, who have 
shared the executive direction of ‘the Ford Motor Com- 
pany, Limited, Dagenham, Essex, since January, 1939, 
have now been appointed managing directors of the 
Company. 

Mr. G. H. SPENCER has been appointed Regional 
Controller of Factory and Storage Premises for the North 
Midland Region. 

Proressor A. VY. Hit, one of the secretaries of the 
Royal Society, has recently been elected a Foreign 
Associate of the United States National Academy of 
Sciences. 

Sm Wit11aM Braga, O0.M., F.R.S., has been elected a 
trustee of the British Museum. 

Lorp Eustace Percy, was elected President, Sir 
RoBERT ROBERTSON, treasurer, and Mayor C. E. 8. 
PHILLIPS, secretary, at the recent anniversary meeting 
of members of the Royal Institution. 

Mr. D. A. WRANGHAM, M.Sc. (Eng.) (Lond.), Wh.Sc., 
A.M.I.Mech.E., head of the Mechanical Engineering 
Department, Royal Technical College, Salford, has been 
appointed head of the Mechanical and Civil Engineering 
Department, Sunderland Technical College. 

Messrs. CRYSELCO, LIMITED, manufacturers of electric 
lamps, have transferred their London sales office and 
stores to 73, Newman-street, W.1. (Telephone : MUSeum 
3503-04.) 

The directors of the London Midland and Scottish 
Railway have appointed Mr. R. C. Bonn, acting mech- 
anical and electrical engineer, Glasgow, to be works 
superintendent at Crewe (Locomotive Department). Mr. 
G. 8. BELLAMY, works superintendent at Derby (Loco- 
motive Department) is succeeding Mr. Bond as acting 
mechanical and electrical engineer, Glasgow ; and MR. J. 
RANKIN, assistant works superintendent, Derby (Loco- 
motive Department) is succeeding Mr. Bellamy as works 
superintendent at Derby. 








NOTES FROM THE SOUTH-WEST. 
CaRpDirr, Wednesday. 

The Welsh Coal Trade.—Iin connection with the national 

negotiations now proceeding on the wages question, 

South Wales miners have decided to press for a flat rate 

increase of 11. a week in the national wage rate. This was 

d following a special delegate conference of the 





the report, is a distinct advance, as it enab delicate 

instruments and electrical apparatus to be assembled | has been 

by soldering with the use oF resin alone, At t| Air-raid shelters should be as far away as — 
city hette &f dadiniten of Gin tne cxened (> het |e nee ments. It is very undesirable tha 
tinned for various reasons and the bare co or brass > sh open into & plating department but 
parts cannot be soldered satisfactorily a corro-|if such an t is unavoidable, there 


sive flux is employed. The subsequent removal of 
traces of this flux is very difficult and sometimes 
practically impossible. 

Efforts to find an alloy more suitable for ships’ 
under-water bearings than the materials at present in 
use have led to the discovery of an alloy which is 
stated to possess ceadied superiority. a 
of this material were ascertained as a t of per 
formance tests of selected alloys in an experimen 
machine which reproduces the conditions of inter- 
action between a ship’s propeller shaft and the bearing 
in aerated sea-water. The alloy contains a higher 
percentage of tin than that now used. Another branch 
of the Institute’s work relates to foil, and through the 

of Food its attention has been directed to 
the need for a substitute for aluminium for milk-bottle 
caps. Tin foil is, of course, too soft and too costly. 
Satisfactory caps were made of tin-coated foils of 
or steel, but the commercial production of these 
materials would be very difficult, if not impossible, at 
the present time. In collaboration —_ an industrial 
firm, a has now been developed for coa' 
hardened lead lead with tin. The resultant com ite foil 
is stated to have much the same stiffness as aluminium, 
and exhaustive laboratory tests have shown that it 
does not impart detectable amount of lead to fresh 
milk after Sone st for 48 hours. It is stated, moreover, 
that — the amount of lead taken up by sour milk is 
negligible. Trials of the new material are now 
made in conjunction with a firm of foil manufacturers 
and two users of bottle-capping material. The tin- 
coated lead foil, it is pointed out, may have many other 
applications. 

t was stated in the last Annual Report that while 
the equipment of the laboratories in the new head- 
quarters building at Fraser-road, Greenford, Middlesex, 
was such that by the end of April, 1939, they were in 
working order, further equipment was still being 





* See ENGINEERING, vol. 149, page 630 (1940). 





be sills across the doors to prevent liquid from entering 
the shelter, and proof curtains to prevent the 
entrance of gas. If the the factory is struck during a raid, 
unless the injury is clearly one that cannot have 
affected the ing departments, no one should enter 
them until they have examined by a com t 

rson wearing suitable breathing apparatus, until 
Eo has satisfied himsclf by chemical test that the 


ig p mee ey Loh ag = A suitable test is 
1 in leaflet No. 2 of the series of pam ~s 


with “ Methods for the Detection of 
Gases in Industry,” published by the peguten "of 
Industrial 


Scientific and Research. Copies of this 
leaflet No. 2, which relates to hydrogen cyanide 
a Office, 


vapour, are obtainable from H.M. 
. 6d. net. 


If, after a raid, there is any reason to that 
considerable quantities of cyanide and solutions 
have escaped into the drains, the local authority should 
be notified of the fact immediately. If, on the other 
hand, it is necessary to run large quantities of spilt 
eyanide solution into the drains, it should first be 
ascertained that the solution is alkaline and the opera- 
tion should be carried out slowly, so that the solution 
may be well diluted by the other liquids in the drains. 
After the cyanide solution has been run off, the drains 
should be flushed with large quantities of water further 
ensure rapid dilution. A still better precaution is 
eae Ce ene eee, © eee. ae 
i ae ae before the solution is run into 
the drains. gh ey ae stock of commercial ferrous sul- 

should be kept for this Copies of the 
let are obtainable (price 1d. net) from H.M. Sta- 
tionery Office, York House, Kingsway, London, W.C.2. 


if 








CANADIAN PactFic RatLway.—The gross earnings of 
the Canadian Pacific Railway were 28,792,684 dols. 
during January and February, 1941, compared with 
24,159,964 dols. in the corresponding period of 1940, 
and 18,894,946 dols. in the first two months of 1939. 





South Wales Miners’ Federation called to consider a report 
by the Executive Council on the demands which were 
being made, on @ national scale, on various points. These 
were the result of the Government’s decision to schedule 
the mining industry under the Essential Work Order, and 
included claims for the institution of a national wages 
board, an increase in wages and a solution of the non- 
unionist problem. On the major issue of the establish- 
ment of a national wages board the conference failed to 
give a mandate on the stand to be taken by South 
Wales, but gave the Council authority to reach a decision 
in the light of discussions at a national conference on 
the matter. The coal market as a whole continued to 
present a very firm tone. The demand both from home 
and overseas users was actively maintained, and business 
was not easy to arrange owing to the heavy sales already 
made. Operations on the export side were still restricted. 
but the supplies displaced were absorbed in the inland 
section. Best large qualities were being y lifted 
by contract deliveries, while operators continued to 
encounter a good inquiry for the sized sorts, which were 
firm. There was a scarcity of bituminous small coals. 
but the supply of dry steam smalls remained in excess of 
requirements and the tone was dull. Cokes were busy. 

The Iron and Steel Trade.—Activities in the iron and 
steel and allied trades of South Wales and Monmouth- 
shire were maintained at a high level during the week. 
The demand was maintained and the works, in most 
cases, were engaged almost to full ity. 








RUNNING AND MAINTENANCE OF MARINE MACHINERY. 
—We are informed that the handbook on The Running 
and Maintenance of Marine Machinery, issued by the 
Institute of Marine Engineers, has been thoroughly 
revised and all sections considerably enlarged. Chapters 
on steering gears and pumping arrangements have been 
added. Junior engineers studying for their Certificates 
of Competency may obtain copies from the Institute. 
The price is 7s. 6d. net, or 8s. 1d. including postage. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Uniform conditions prevail in the 
steel and engineering trades. The heavy trades.are 
accounting for larger outputs, while the lighter branches, 
principally those engaged in the production of tools and 
small machine parts, are also busy. The output of steel 
is increasing steadily, producers in this area having a 
record number of furnaces in commission. Deliveries of 
pig iron and hematite are ample to meet all requirements, 
and scrap supplies are also satisfactory. There is an 
active demand for basic steel and related materials, and 
acid steel finds a ready market. Railway rolling stock 
producers are using large quantities of the latter. The 
heavy machinery and engineering branches are active. 
Steelworks and ironworks machinery and related equip- 
ment are in strong demand. Among the lines on order 
are rolling milis, forging plant, hydraulic presses, and 
foundry equipment. Boilermakers are exceptionally 
busy, and makers of high-pressure vesscls are well 
placed. Pressure of work in the medium branches has 
increased. The in agricultural machinery and 
parts has exceeded expectations, and makers of agri- 
cultura] steel are doing record business on inland account. 
Overseas requirements are below the normal, but a 
steady trade is being maintained with the Dominions 
and Colonies. In connection with the production of 
motor vehicles, Sheffield is doing a good trade in crank- 
shafts, gearbores, and clutch plates. Portable crushing 
and grinding machines find a better market. Outputs 
have been well majntained in the special-steel branches ; 
stainless materiale are in strong request, and there is a 
heavier demand for heat- and acid-resisting materials. 
Enginecrs’ small tools are being produced in record 
quantities, among the active lines being twist drills, 
milling cutters, reamers, files, hacksaws and blades, and 
edge and machine tools. 

South Yorkshire Coal Trade.—The majority of steel 
and iron works are buying industrial coal for stocking 
purposes, and the general demand has been intained 





NOTES FROM CLEVELAND AND 
THE NORTHERN COURTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The heavy output of iron and steel 
and a considerable increase in the import of commodities 
from the United States and the Dominions have per- 
mitted an appreciable expaasion in the tonnage for distri- 
bution, but pressure for larger deliveries of several descrip- 
tions continues. Only moderate parcels, however, are 
obtainable for the usual commercial requirements, but 
by careful allocation of the quantities available con- 
sumers with priority delivery claims are now regularly 
furnished with supplies which are sufficient for their 
requirements. 


Cleveland Iron Trade.—The gradual increase in the 
consumption of foundry iron is being adequately dealt 
with though Cleveland pig is still scarce. The stabilised 
prices of Cleveland pig are ruled by No. 3 description at 
128s., delivered within the Middlesbrough area. 

Basic Iron.—Basic-iron furnaces are turning out 
sufficient tonnage for the exceptionally heavy require- 
ments of the local steelworks, but there is no‘surplus for 
use elsewhere. The recognised market value remains at 
120s. 6d. 

Hematite.—In the hematite branch of trade, the 
obstacles to an increase in the limited production are 
difficult to surmount and imports have not yet expanded 
sufficiently to relieve the situation materially. Recent 
events, however, inspire confidence that supplies of 
American hematite will increase. Meanwhile parcels 
are allocated only for essential purposes and the central 
authority is enforcing rigid economy in the use of hema- 
tite. The official quotations remain at the level of No. 1 
grade of iron at 1388. 6d., delivered to North of England 
customers. 

Foreign Ore.—There is some shortage of foreign ore 
for hematite-making, but descriptions used for other 
purposes are in satisfactory supply now that native 
fironst is extensively used in place of material from 





Steams are steady, but railway companies are ordering 
larger quantities of locomotive coal. The house coal 
market is active, but the coke position shows little change. 








MAINTENANCE OF WHITE LINES ON RoapDs.—<Asked in 
Parliament whether, in view of the need for agricultural 
labour in the war effort, he would consider the temporary 
cessation of work on re-whitening road lines in all but 
curves and specially-dangerous places, and the imme- 
diate transfer of the man-power to agricultural work, the 
Minister of Transport replied that he was not prepared 
to suspend the work on the maintenance of traffic lines. 
This he regarded as essential in the interest of road 
safety, especially in view of traffic conditions in the 
black-out. 





NortTs-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—At the general meeting of the North- 
East Coast Institution of Engineers and Shipbuilders, 
held recently, Mr. W. A. Woodeson was elected 
President for the session 1941-42. The vice-presidents 
elected comprised Messrs. Harry Hunter, Allan J. Marr, 
T. MePherson and R. H. Steph the bers of 
the Council, Messrs. F. G. H. Bedford, P. B. Johnson, 
T. Morison and R. C. Thompson, and Drs. A. Pickworth 
and E. V. Telfer; and the honorary treasurer, Mr. W. H. 
Pilmour. 








Moror LorRY DRIVERS AND CARELESS TALK.—As part 
of a campaign to combat possible instances of careless 
talk by lorry drivers, a leafiet has been prepared on the 
suggestion of the Road Haulage Consultative Committee, 
with the agreement of the Ministry of Transport. A copy 
of the leaflet has been sent to us by the British Road 
Federation, which is co-operating with the Ministry of 
Information in the campaign, and it consists mainly of 
five friendly dont’s, addressed to drivers and mates of 
road vehicles counselling them to be reticent about their 
work. Employers are requested to apply to Mr. W. 
Chetham-Strode, Commercial Relations Division (Room 
288), the Ministry of Information, Malet-street, London, 
W.C.1, for a8 many copies as they require for their men. 


War Damace. Act, 1941: Bustness INSURANCE 
Scneme.~—-The Board of Trade informs us that the period 
during which industrialists, traders and professional men 
may insure their plant, machinery and other business 
equipment, under the Business Scheme provided for in 
Part LI of the War Damage Act, 19141, has been extended 
from May 16 until May 31. All industrialists, who have 
not already done so, should insure without further delay. 
If, after the end of May, they have no policy of insuranco, 
they will receive no compensation if their goods sustain 
war damage and, in addition, if their goods exceed 
1,000. in value, they will be liable to penalties. Applica- 
tions for policies should be made to any of the principal 
fire-insurance companies or to members of Lloyd’s. 





abroad. 

Blast-Furnace Coke.—Transactions in Durham blast- 
furnace coke are few. Sellers have a large tonnage for 
disposal, but are extensively sold and are disinclined to 
enter into further contracts. Local users have bought 
as extensively as they consider to be desirable. Fixed 
market values are based on good medium qualities at 
35s. 6d. f.0.2. « 

Manufactured Iron and Stcel.—The re-rollers of iron 
and steel have a large amount of work on hand and. as 
the stocks of billets, blooms, ete., are satisfactorily 
maintained and the supply of other materials needed for 
the production of finished commodities is ample, the full 
activity of the mills is ensured. A resumption of the 
substantial demand for heavy constructional steel is 
reported and all light rolled material is in undiminished 
request. The pressure for increased deliveries of ship- 
building requisites continues and is accorded special 
attention, while black and galvanised-sheet makers are 
experiencing a very heavy demand for their products. 
Special alloy-steel producers have as much work on hand 
as they can handle and manufacturers of railway material 
are busily employed. Soft-steel billets are quoted at 
121. 58.; hard billets at 131. 12s. 6d.; joists and sections 
at 151. 88.; heavy ship plates at 161. 3s.; and heavy 
rails at 141. 10s. 6d. 


Scrap.—Deliveries of iron and steel scrap are excep- 
tionally heavy, but users require still larger supplies, 
particularly of the heavy grades. 








Roya AERONAUTICAL SocreTy.—The next Associate 
Fellowship examination of the Royal Acronautical Society 
will be held on Wednesday and Thursday, May 21 and 22, 
and the Library will be closed on those Full 

will be sent direct to candidates have 
entered for the examination. 





Witsur Wricst Memormi LEcTURE.—We have just 
been informed that the 29th Wilbur Wright Memorial 
Lecture of the Royal Aeronautical Society, entitled 
“ Ocean Air Transport,” which should have been deli» 
vered by Mr. J. T. Trippe, M.A., on Thursday, May 15, 
has been unavoidably postponed. 





Tue Late P1Lot-Orricer H. H. Himsr.—It is with regret 


that we record the recent death, while on operational | City 


duties, of Pilot-Officer Harold Hugh Hirst, R.A.F.V:R. 
He was the only son of the late Lieutenant Harold Hirst, 
who died as a result of the war of 1914-18, and was the 
grandson of Lord Hirst, chairman and managing director 
of The General Electric Company, Limited, to whose 
title he was the only heir. Pilot-Officer Hirst, who was 
born ou June 11, 1919, was educated at Marlborough and 
at Magdalene College, Cambridge. He became a member 
of the Cambridge University Air Squadron when war 
threatened, and joined the Royal Air Force on the 
outbreak of hostilities. 


NOTICES, OF MEETINGS. 


It is requested that partioulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Students’ Section: Tuesday, May 20, 7 p.m., The 
James Watt Memorial Institute, Great Charles-street, 
Birmingham. “ Electrical Test Equipment in a Radio 
Factory,” by Mr. W. L. Rew. North Midland Students’ 
Section: Saturday, May 24, 2.30 p.m., The ,Hotel 
Metropole, King-street, Leeds. Annual General Meéting. 
Short informal address on “‘ The Prospects for Electrical 
Engineers,” by Mr. W. Dundas. 

Roya Socrery or Arts.—Wednesday, May 21, 
2.30 p.m., The Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. The Fother- 
gill Lecture: “‘ Fire Prevention Under War Conditions,” 
by Lieut.-Col. Guy Symonds. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section: Wednesday, May 21, 6.45 p.m., The James 
Watt Memorial Institute, Great.Charles-street, Birming- 
ham. Lecture: “ The Utilisation and Training of Labour 
Under War Conditions,” by Mr. B. C. Jenkins. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
May 23, 6 p.m., Storey’s-gate, St. James’s Park, West- 
minster, S.W.1. Informal Meeting.» Discussion on 
“ Railway Refrigeration Problems,” to be opened by 
Mr. F. O. Johansen. 


—-— 4 


NOTES FROM THE NORTH, 


GLascow, Wednesday. 

Scottish Steel Trade.—There has been little change in 
the Scottish steel trade during the week and makers are 
‘doing their utmost to satisfy the requirements of the 
Government contractors. Shipbuilders are also con- 
suming plates and sections on a large scale. Boiler- 
makers and structural engineers are pressing in their 
demands for steel material and these priority orders are 
accounting for so much steel that there is very little 
available for ordinary purposes. The black stecl-sheet 
makers have well-filled order books and are experiencing 
@ pressing demand for both plain and corrugated sheets. 
The supply of raw materials is good, but more steel 
scrap is wanted to supplement the pig-iron supply. 
Prices are unchanged and are as follows :—Boiler plates, 
17l. 12s. 6d: per ton; ship plates, 161. 3s. per ton ; 
sections, 151. 8s. per ton; medium plates, } in. and 
thicker, rolled in sheet mills, 211. 15s. per ton ; blagk-steel 
sheets, No. 24 gauge, 221. 15a..per ton; and galvanised 
corrugated sheets, No. 24 gauge, 262. 28. 6d. per ton, all 
for home delivery. 

Malleable-Iron Trade.—Satisfactory conditions still 
Prevail in the West of Scotland malieable-iron trade, 
and steady employment is general. Fairly good supplies 
of wrought-iron scrap are now onhand. There bas been 
no change in the position of the re-rollers of steel bars 
and a quiet tone prevails. With the more pressing con- 





tracts now mostly completed, the majority of the re- 
rollers are in the position to undertake fresh business 
for early delivery. Semies are in sufficient supply to 


meet all requirements; The following are the current 
quotations :—Crown bars, 151. 12s. 6d. per ton; No. 3 
bars, 131. 12s. 6d. per ton; No. 4 bars, 132. 17s. 6d. per 
ton; and re-rolled steel bars, 171. 15s. per ton, all for 


grades of iron is good and the general inquiry has im- 
proved. To-day’s market quotation: are as follows :— 
Hematite, 61. 18s. 6d. per ton, and basic iron, 61. 0s, 6d. 
per ton, both delivered at the steel works; foundry 
iron, No. 1, 6L. 5s. 6d. per ton, and No. 3, 61. pe, pez ton, 
both on tracks at makers” yards. 


‘ 








L.C.C. ScHooL OF ENGINEERING AND NAviGaTION.— 
The Marine Engineering and Navigation Classes of the 
London County Council School of Engineering and 
Navigation are now being held in the rooms of the 


Tax Late Pror-Orricer G. G. Suarp.—We. regret 
to announce the death, as the result of enemy action, 
of Pilot-Officer George Guy Sharp, R.A.F.V.R. He was 
trained at the Trafford Park Works, Manchester; of 
Messrs. The Metropolitan-Vickers Blectrical Company, 
Limited, and on completion of his course went into the 
mining department of the Company.| He was sent out 
to the Johannesburg office of the firm in Seth as 





returned to the mining department in 1939, 
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by & member, a non-member and a student member, 
respectively, will, however, be continued. 
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SHIPS AND CARGOES. 


Tue official statement issued by the Admiralty, 

iving the sinkings of British and other tonnage 
_ by month since the outbreak of hostilities 
are welcome for their authority and conciseness, 
however disturbing they may be as a record; for 
the many corrections that have proved to be 
necessary in computing the totals from the successive 
weekly returns have rendered it very difficult to 
compile a true table of sinkings from these figures 
alone. The losses during April, 1941, it appears, 
are 106 ships, of 488,124 tons, of which 60, totalling 
293,089 tons, are British. The corresponding 
for March were slightly higher, totalling 
119 ships, of 489,229 tons. Of these, 81 were British, 
their tonnage amounting to 326,631. It will be 
seen, therefore, that the sinkings of British ships 
show an appreciable decline ; a tendency which is 
the more marked, since the April figures include the 
considerable losses incurred in the course of the 
evacuation operations from the Greek coast. Even 
the March figures were not as high as those for June, 
1940, the month which included the evacuation from 
Dunkirk and the other Channel ports, when the 
aggregate losses reached 128 ships, of 533,902 tons. 
During the evacuation of the British Expeditionary 
Force from France and Belgium, over 167,000 tons 
were lost of merchant shipping directly employed 
by the fighting Services, and nearly 190,000 tons 
similarly employed (many of them under the Greek 
flag) were sunk in the Aegean during April, 1941. 
The grand total of losses since the outbreak of 
hostilities in September, 1939, now amounts to 
1,508 ships, of 6,127,673 tons, of which 923 ships, 
of 3,896,242 tons, were British. These figures are 
sufficient evidence of the seriousness of the shipping 
position, when it is borne in mind that the British 
mercantile marine entered the war with nearly 2,000 
fewer vessels than it possessed in 1914; but, when 
the losses due to purely military operations have 
been allowed for, Peppiclutig 2. ps att 
campaign against the convoys is being actively 
countered, despite the handicaps imposed by enemy 
occupation of the French coast, the defection of a 
large part of the French fleet of anti-submarine 
vessels, and the inability of the Royal Navy to 
make use of the Irish bases which were so valuable 
in the last war and would be even more valuable in 
this, if they were available. 


the German onslaught to take service in the Allied 
cause. These, with purchases from the United 
States and elsewhere, prevented the full effect of 
the sinkings from being felt immediately ; and, in 
addition, the burden imposed by the operations in 
the Mediterranean was relatively light until the 
entry of Italy into the war and the consequent 
need to send supplies via the Cape of Good Hope. 
The losses during 1915, 1916 and 1917 mounted 
rapidly as the German submarine campaign increased 
in severity. In 1915, the British and world totals 
were 855,721 tons and 1,307,996 tons, respectively ; 
in 1916, they were 1,237,634 tons and 2,327,326 
tons; and in 1917, the critical year, the losses of 
British ships were 3,729,785 tons, and the world 
total, 6,235,878 tons. By the end of 1917, the entry 


400 | of the United States into the war and more intensive 


anti-submarine measures operated to reduce the 
rate of sinkings appreciably; but, even so, the 
losses for the eleven months of 1918 amounted to 
2,666,942 tons, of which 1,694,749 were British. 
In all, according to the offigial figures, the total 
losses of mercantile tonnage reached the grand total 
of 12,850,814 tons, and those of British ships were 
7,759,090 tons. 

At first sight, there is a measure of comfort in 
the reflection that the greatest monthly loss of purely 
mercantile in this war is less than half of 
that in the worst month of the last—March, 1917— 
and that the total losses of British ships in the 
present campaign to the end of April, 1941, are 
not greatly in excess of the British losses in 1917 
alone, but a closer examination indicates that 
the cause for satisfaction is much more apparent 
than real. A truer comparison is given by the figure 
for total losses (6,127,673 tons), which is nearly half 
that of the losses during the whole of the 1914-18 
war; and even this total should be considerably 
“ weighted” if it is to represent correctly the 
diminution in effective carrying capacity. The true 
proportion on this basis is not likely to be disclosed 
until after the war, but it is obvious that a very 
considerable allowance must be made for the greater 
distances to be covered in carrying supplies to the 
Middle East, the reduced availability of many of 
the home ports, and the increased difficulties of 
cargo-handling under the constant menace of attack 
from the air. These difficulties can only be countered 
by increased building; quicker turning round in 
the discharging ports, and—though probably to a 
limited extent only—in the loading ports ; perhaps 
some rearrangement of convoys, so as to group 
faster ships together and enable them to make 
better use of their speed ; the expediting, by every 
means possible, of repair and overhauling work, 
both at home and in foreign ports ; and by the most 
effective use of every cubic foot of cargo space. 

It is a reasonable assumption that little more 
can now be done to accelerate the rate of building 
in British shipyards, which have been working to 
capacity from the outbreak of war. The successive 
completion of the heavy ships of the King George V 
class will release considerable numbers of the most 
highly skilled grades of shipyard labour for other 
work, but it may be taken as certain that men who 
have been engaged on warship construction will 
continue to be so employed. Some expansion of the 
numbers employed on the building of merchant 
ships is possible when the ex-shipyard workers who 
have been recalled to the industry by the Ministry 
of Labour and National Service have been fully 
absorbed, but it is improbable that the maximum 
efforts of the British shipyards alone will suffice to 
make good the losses of British ships, if these con- 
tinue at the rate recorded in 1940, of more than 
2} million tons per annum. American shipbuilding 
is hardly yet in its stride; there, as here, much of 
the existing capacity of the industry is fully occu- 








and for retail sales. 


It is instructive to compare the above totals, for 





pied on warship contracts, and the greater part of 
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the orders placed on direct British account are | 
being executed in new yards, laid out for the/ 
purpose. Therefore, no immediate relief can be| 
expected from this quarter. 

Hints have been given in Parliament that the | 
question of grouping vessels for convoy according 
to their speed has not been overlooked ; but there 
are difficulties in organising such a system on any 
general scale, to which due weight must be given. 
A ship which is held back in a British port to await 
the formation of a convoy of vessels of her own speed 
may be in as great danger as if she had put to sea 
with a slower convoy; and similar delays in a 
foreign port, while less dangerous, mean the with- 
holding of valuable cargo and, virtually, a reduction 
in the tonnage per annum available for transport 
purposes. The individual ship is not so much an 
isolated unit among a host of other units as a) 
component of a continuous conveyor, feeding 
materials and stores from the producing depart- 
ments to the consuming department; if one | 
“ flight ” in the conveyor is missing, from whatever 
cause it may cease to move, the delivery capacity 
is reduced accordingly. The speed of the conveyor 
can be varied very little in practice; and the 
construction of a duplicate line—a reasonable 

to represent the effect of the American 
merchant-ship programme—takes time. 

A definite step towards increasing the capacity 
of the conveyor was taken by the Ministry of Ship- 
ping in arranging to close the shelter decks of vessels 
of this type, reducing the freeboard and increasing 
the deadweight accordingly. This relaxation has 
been introduced as a war-time measure only, and 
the reduction of freeboard is limited to a maximum | 
of 12 in., applicable, even then, only to certain 
routes and particular circumstances, Despite these 
restrictions, it will represent a welcome accretion 
of tonnage space. Another innovation is the use of 
tankers to convey grain in bulk ;* but the ultimate 
benefit of this departure is likely to be local in 
character and spasmodic in incidence. Tanker 
tonnage is seldom more than 50 per cent. effective, 
as oil transport is one-way traffic and the vessels 
must usually make the outward voyage in ballast ; 
as the grain cargoes are generally travelling in the 
same direction as the oil cargoes would do, the 
proportion of ballast mileage cannot be greatly 
reduced. 

There remain the possibilities of accelerating the 
process of turning ships round at terminal ports 
and of carrying out the voyage and 
damage repairs. Taking the latter consideration 
first: we should like to be more positively con- 
vinced that the most has been done to relax the 
host of trade-union restrictions and special local 
observances which have grown up in the ship- 
repairing industry in past years. There is no 
occasion to go into details regarding their nature, 
which, indeed, presents peculiar and individual 
facets in almost every port ; but the various devices 
to counteract the feared effect of labour-saving 
processes by requiring that, for each skilled man 
employed on them, another shall be employed to 
* help,” may be cited as typical. In present circum- 
stances, such practices are quite indefensible ; each 
skilled man should be using his skill to the utmost 
as a separate unit, supported by as much unskilled 
or semi-skilled labour as he may need, working 
under his instructions. Much of the so-called 
“ semi-skilled” shipyard labour is, in fact, quite 
skilful enough to carry out many of the routine 
operations traditionally regarded as the preserve of 
the craft unions, and ought to be so employed 
wherever possible. Admittedly, there has been 
some relaxation of rules in this respect, but it is 
doubtful whether the process has yet been carried 
so far as it might be. The handling of cargo has 
been discussed before and reference made to the 
delays in clearing goods from the transit sheds. 
The amalgamation of the Ministries of Shipping and 
Transport holds forth great promise of improvement 
in this respect, and we hope to hear, in due course, 
of its fulfilment. It is probable that war condi- 





tions will increase the reliance upon the ships’ 
own equipment at the discharging ports, and it is 
to be hoped that this possibility is being given due 
weight in proportioning the outfit of winches and 
derricks in the vessels under construction overseas. 











TECHNICAL COMPOSITION. 


Our first impulse was to call this article “ On 
Writing Papers,” in the manner of Bacon’s Essays, 
but as that title appeared to suggest that it had 
something to do with the material on which letters 
are written by hand, it was discarded. As, however, 
the technical compositions we have in mind—the 
theses which make up the proceedings of engineering 
institutions—are almost invariably described as 
“papers,” it will be convenient to employ that 
nomenclature. Although such bodies have various 
other activities, such as the building-up of technical 
libraries, the fostering of research, and so on, their 
main activity is the presentation and discussion of 


papers. This being so, it is not only desirable, but | 


also important that such compositions should be 
written and arranged in a clear and acceptable 
manner. 

This question of technical composition has been 
discussed on many occasions, particularly in the 
United States, where books dealing with the sub- 
ject appear with surprising frequency. Whether 
the relative sparseness of similar publications in 
this country is due to a general impression that our 
technical amateur writers require no assistance, 
we cannot say ; if it is, we imagine the members of 
the staffs of engineering institutions ,whose duty it 
is to prepare papers for presentation, will differ 
from the general opinion. That at least one of our 
engineering societies—the Institution of Electrical 
Engineers—thinks some guidance to authors may be 
necessary, is shown by the facts that its March 
Journal is prefaced by a note entitled “The Pre- 
sentation of Papers and the Dissemination of Know- 
ledge,” and that the corresponding issue of the 
Students’ Quarterly Journal contains an article, on 
the same subject, but bearing the really deplorable 
title, “‘ Authorship Without Tears.” 

The simultaneous appearance of these two prelec- 
tions is probably a coincidence, and should not 
be taken as evidence of hortatory activity by the 
Council of the Institution. Indeed, the contri- 
butions have little in common. Surprisingly, the 
article addressed to the older members is based on 
a high note of service to fellow members and to the 
profession, while that directed to juniors may be 
described as frankly atilitarian. In two places, it 
appears to suggest that one of the important reasons 
for writing a paper is the possibility of obtaining a 
premium. The points of view of age and youth 
appear to have been interchanged. The early years 
of manhood are normally painted as those of 
anthusiasm and high ideals, and those of maturity 
as the time of disillusioned indifference, or even 
cynicism. This reversal of roles cannot be examined 
here. 

The article in the Journal gives little didactic 
assistance to those whom it exhorts. It admits 
that the preparation of a paper is not an easy task, 
adding that “the collection of data, the arrange- 
ment of layout and the clothing of the skeleton in 
literary taste call for sacrifice of time and energy.” 
Direct assistance in the task it does not attempt to 
give, but apart from dwelling on service to the 
profession, which is its leitmotif, points out that the 
author, his work completed, will have had the 
satisfaction of resolving “into an ordered scheme 
those nebulous, tentative idéas” with -which he 
started. This, we think, is hardly a true picture of 
all composition : some authors begin with the whole 
matter pre-arranged in their minds, but in general 
there is no doubt that those who write papers, by 
clarifying their ideas, learn almost as much as those 
who read or hear them. 

If assistance is sought in the actual task of 
preparation, recourse must be had to the article 
in the Students’ Quarterly Journal. This contains 
plenty of advice. Although it is addressed to 
student members, much of it is likely to be equally 
useful to the average adult. This, perhaps, does not 
apply to the section entitled “ Choice of Subject,” 
in which it is stated that “it is only rarely that one 
is able to find a subject in which one has sufficient 
experience to write a paper or article straight away.” 
This is hardly applicable to those who contribute 
to the main proceedings of the Institution. Nor- 
mally, it may be taken that the reason they write 
papers on specific subjects is that they have sufii- 


cient experience to do so, although, as before 
suggested, that experience will, in the course of 
writing, arrange itself in more ordered fashion in 
their minds. The case of students, however, is 
different. They may well have special experience 
worth putting on record, but that, before they 
attempt this, they should relate it to a wider field 
by study is admirable advice. 

Having collected his information, the student is 
advised to set it out “under various headings, 
taking into account each of the factors which affect 
}and lead up to the ultimate conclusion.” This, 
again, is good advice. A practiced writer can 
| arrange his matter in his head, but those who write 
| technical papers are usually far from practised in 
composition and will be assisted in the preparation 
| of a well-balanced thesis, in which the conclusions 
truly follow from the postulates and argument, if 
| they will erect a skeleton framework around which 
| to build their edifice. 

Something is then said about the length of articles. 
If a paper is to be read at a meeting, it is stated 
| that from 4,000 to 5,000 words are permissible, but 
| that more than 5,000 “should not be employed 
under any circumstances.” This advice is a ante 
to student members, but its application may be 
extended. Presumably one of the duties of a 
papers’ committee is to restrain the exuberance of 
authors, but in practice there is no doubt that many 
papers are much too long, although one might have 
diffidence in subscribing to the opinion expressed 
by the writer that “‘ most articles can be cut by 
50 per cent. with advantage.” Many of the papers 
read at the main meetings of the engineering insti- 
tutions form important contributions to their sub- 
ject, and are necessarily long. For this reason, they 
are unsuitable for aural presentation in eztenso. 
A common procedure, to the boredom of the 90 per 
cent. of the audience who have not read the paper 
beforehand, is for the author to present a largely 
i ible summary by selecting sentences 
and half paragraphs here and there, frequently to 
the accompaniment of lantern slides of complicated 

which, requiring a quarter of an hour for 
study, are exposed for half a minute. 

It is not. suggested that important technical 
contributions to the proceedings of engineering 
institutions should be suppressed, but if authors 
would take the trouble to prepare an independent 
and properly reasoned summary for presentation 
at a meeting it would not only add greatly to the 
pleasure of most members of the audience, but would 
also add greatly to their instruction. We know 
@ mechanical engineer who occupies a leading 
position among those who are competent to speak 
on the abstruse subject which is his speciality, and 
he tells us that, looking back, he is ashamed of the 
various papers he has presented at meetings of 
technical institutions, having at length realised that 
they must have been unintelligible to by far the 
greater part of his audiences. 

Returning to the Students’ Quarterly Journal, the 
last points in the article with which we need concern 
ourselves are the recom dations that the grammar 
and style should be reviewed, over-lengthy sentences 
avoided, convenient paragraphs arranged, and so 
on. “Although it is not suggested, it would be a 
good thing in many cases if amateur authors had 
their dissertations read over by some one else before 
they were released for publication. Sir Francis 
Darwin, in the Reminiscences he has added to the 
Autobiography of Charles Darwin, states that this 
procedure was adopted by his father, with useful 
results. -“ Perhaps the commonest corrections 
needed were of obscurities due to the omission of 
a necessary link in the reasoning evidently omitted 
through familiarity with the subject.” On a lesser 
scale and in a smaller field, the writer of a technical 
paper is likely to make the same kind of omission. 
If he can find anyone competent to do it, the author 
might usefully also have his paper checked purely 
from the point.of view of composition and punctua- 
tion. He need not be diffident in admitting that he 
is not expert in such matters. When T. E. Lawrence 
states in the prefatory note to Seven Pillars of 
Wisdom that he has to thank Mr. and Mrs. Bernard 
Shaw “for all the semicolons,” lesser’ fry 
need not be afraid to admit that they have some- 




















thing to learn about punctuation. 
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NOTES. 


Tratntna [InDIAN MuntTION WoRKERS. 


Ix order to assist in the development of munition 
manufacture in India, a series of groups of workers 
is being brought from that country for training in 
one or other of the Government Training Centres. 
It is proposed that they shall stay in Great Britain 
for about six months. In the latter part of that 
period, they will be employed in factories engaged 
in one or other branch of munition work. Returning 
to India, they will form a valuable nucleus of 
labour, trained in modern shop methods, around 
which larger staffs can be built up. The first group 
of these Indian workers, 50 in number, arrived in 
this country last week, and has already been distri- 
buted among provincial training centres. It will 
be followed by other similar groups. Most of the 
men, who come from various parts of India, are 
about 20 years of age. Although it might appear 
that the development of Indian manufacture, by 
sending workers to Britain to be trained, would 
normally form part of a long-term policy, there is 
every reason to believe that the procedure adopted 
will enable a useful contribution to be made to the 
supply of munitions for the war. In many direc- 
tions, Indian industry is already well developed, 
and given a stpply of suitably trained labour, can 
be developed in new directions in a relatively short 
time. War material is already being produced in 
India in considerable quantities, and the provision 
of suitable labour, which the scheme will ensure, 
should enable that already substantial production to 
be increased rapidly. Clearly, the men who will be 
trained will ultimately form a valuable addition 
to the labour staff of peace industry in India. 
This point was made by Mr. Bevin in welcoming 
the first party. He referred to the industriali- 
sation of that country as a certainty of the future. 
To what extent the process will go no one can 
say, and although the trainees themselves will 
no doubt have some thought for their future, 
the matter of interest and importance at the 
moment is that a valuable field for supplies will be 
very usefully extended. 


“ Just” WaasEs. 


One of the advantages which the German worker 
enjoys, according to Dr. Robert Ley, the leader of 
Hitler’s Labour Front, is that he is paid “a just 
wage.” Presumably, when the Doctor writes about 
“a just wage” he means the hourly or weekly 
remuneration which the employer believes the man 
ought to be paid; and, in order to reconcile him 
to it—for it is low enough—he is promised “ strength 
through joy ” cruises to other lands and Volkswagen 
tours in his own beautiful country. , Whether 
German workpeople and those employed by Germans 
in overrun lands believe the wages paid to them to 
be “just” is, of course, their concern; of more 
importance from our point of view is that, while 
German workers appear to be agreeable to accept 
their Labour Front’s interpretation of “just,” 
British employees regard themselves as entitled to 
a large say in the determination of its meaning. 
The only wage which they consider to be “ just ”"— 
and it is doing them no injustice to say so—is the 
wage they want, and if they get anything approach- 
ing it from their employers or the National Arbitra- 
tion Tribunal or the Industrial Court, they are 
content to forgo the joys of State-aided or otherwise 
assisted sea cruises and motor-coach trips. To judge 
by last week’s hearing by the Railway Staff National 
Tribunal of the claim of the railwaymen’s unions 
for an advance of 10s. a week, and the resolutions 
adopted by the National Delegate Conference of 
the Mineworkers’ Federation, the determination by 
anybody else of what is or is not “a just wage” 
is considered by Socialist economists to be out of 
date. The public concern about the large wage 
packets which some munitions workers are taking 
home weekly is not unnatural. It is not, however, 
a well-informed concern. Mr. Bevin has stated, 
and few who know industry intimately will disagree 
with him, that what a man—presumably a piece- 
worker—gets is justified, provided he gives the 
output. There is, however, this flaw in that reason- 
ing: there may be something wrong in the basis 
of the payment by results system on which 








the man works. Writing in The Daily Telegraph 
recently, a “ Midland Manufacturer” mentioned 
a case where the piecework price was based on 
a demanded time allowance of 50 minutes and 
the worker did the job in 8} minutes. If he had 
dared to go full-out, “ Midland Manufacturer ” 
says, his wages would have been at the rate of 
over 301. per week. That he did not do so was 
probably due to fear that the basis time would 
be reduced; but almost certainly he would not 
give much thought to the question of whether 
the resulting weekly wage was, or was not, a “ just ” 
one. That, at any rate, seems to be reasonably 
probable, seeing that—apparently without going 
“ full out "—certain employees of members of the 
Coventry Chamber of Commerce are getting 18/., 
201. and 231. a week. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS. 


The 32nd Kelvin Lecture was delivered this year 
by Dr. S. Chapman, F.R.S., at a meeting of the 
Institution of Electrical Engineers, held on Thurs- 
day afternoon, May 8. The title of the lecture, 
with which we hope to deal in a subsequent issue of 
ENGINEERING, was “ Electrical Works by Helios, 
or the Sun and the Ionosphere.” Before Dr. Chap- 
man delivered the lecture, the President, Mr. J. R. 
Beard, M.Sc., presented the Sir John Kennedy Medal 
of the Engineering Institute of Canada to Lieut.- 
General A. G. L. McNaughton, C.B., C.M.G., D.S.O., 
Commander of the Canadian Forces in Great Britain, 
who is an associate member of the Institution of 
Electrical Engineers. This medal, it may be noted, 
is awarded annually by the Engineering Institute 
of Canada “ for contributions to the advancement of 
engineering science ” and its presentation at a meet- 
ing of the Institution of Electrical Engineers may 
be taken as an indication of the close co-operation 
which exists between the two institutions, and as an 
acknowledgment of the kindness shown by the 
Canadian Institute about a year ago in offering to 
arrange for the reception, in the homes of their 
members, of the children of British professional 
engineers. Another interesting event which pre- 
ceded the delivery of the lecture was the presenta- 
tion of the Faraday Medal to Dr. A. P. M. Fleming, 
C.B.E., M.Sc., who is a past-president of the Insti- 
tution, this being the nineteenth award of the medal. 
The meeting was well attended and the members 
present showed clearly their appreciation of the 
part played by Dr. Fleming in the work of the 
Institution, both in research and in the education 
and training of electrical engineers. Before the 
meeting, the President and Council of the Institution 
gave an informal luncheon at the Waldorf Hotel, 
the chair being taken by the President. Among the 
guests present were the Hon. Vincent Massey, High 
Commissioner for Canada, General McNaughton, 
the Rt. Hon. R. B. Bennett, the Rt. Hon. Lord 
Hankey, Brigadier C. S. L. Hertzberg, Chief Engi- 
neer, Canadian Corps, and Colonel J. Genet, M.C., 
Chief Engineer Officer, Canadian Corps. 


Tae INSTITUTION OF ENGINEERS IN CHARGE. 


The 41st annual dinner of the Institution of Engi- 
neers-in-Charge was held at the Holborn Restaurant, 
London, W.C.2, on Friday, May 9, at the somewhat 
unusual hour of 5.30. The President (Sir Alexander 
Gibb, G.B.E.) being unfortunately prevented by 
ill-health from attending, the chair was taken by 
Mr. J. M. Kennedy, O.B.E. (vice-president). Sir 
Leopold Savile, K.C.B. (president of the Institution 
of Civil Engineers), in proposing the toast of “ The 
Institution,” referred to the question of fueleconomy, 
which had been a leading topic at the previous 
dinner, and pointed out that its importance was 
even greater at the present time. Now, however, 
there was another economy of growing significance, 
namely, economy of labour; and, in doing their 
utmost to achieve the maximum economy in this 
direction, the members of the Institution of Engi- 
neers-in-Charge could materially assist the Govern- 
ment. Mr. Kennedy, in responding to the toast, 
said that the Institution was to be congratulated 
on its success in carrying on under the difficulties 
of war-time. In electricity supply, with which he 
was intimately concerned, there were also serious 
problems to be solved, and the conservation of fuel, 
which Sir Leopold had mentioned, was one in which 





they were closely interested. To maintain a steady 
supply of electricity under war conditions meant 
that a number of the less efficient plants had to be 
kept in service, to ensure that all parts of the 
country were served. The engineers in charge of 
electricity undertakings had adapted themselves 
splendidly to very difficult circumstances. Mr. A. 
Beverley Baxter, M.P., proposed “The British and 
Allied Mercantile Marine ” and spoke in high praise 
of the bravery of merchant seamen in carrying on 
with their vitally essential task, in spite of its 
many dangers. It could only be said that there 
was something about the sea that was in the blood 
of the British people. He paid a special tribute to 
those in the engine and boiler rooms, where, if 
danger came, it came first. Mr. John Harrison 
(chairman of Messrs. J. and C. Harrison, Limited, 
shipowners), in reply to the toast, said that he was 
being constantly reminded of the heroism of the 
merchant seamen, who were facing, in this war, 
dangers that their forefathers neither knew nor 
could have imagined. He could give many instances 
of their courage and endurance in maintaining the 
communications on which the outcome of the war 
and the very existence of the Empire depended. 
The tributes paid by Mr. Beverley Baxter were well 
deserved. The toast of “ Our Guests and Friends ” 
was proposed by Mr. C. D. Lightfoot (chairman of 
the Institution) and was acknowledged by Sir 
Charles Bressey, C.B.E. 


Tue Crry anD GuILps COLLEGE ENGINEERING 
Socrety. 


The annual dinner of the City and Guilds College 
Engineering Society has long established its position 
in the sequence of such events as an occasion when 
the old Centralians and their present-day successors 
meet on common ground. This year’s function, 
though less protracted than those of peace, fully 
maintained the accustomed standard in other 
respects. Mr. F. Handley Page, C.B.E., President 
of the Society, occupied the chair. Sir Henry 
Tizard, K.C.B., Rector of the College, in proposing 
the toast of “The Engineering Society,” observed 
that the College had done wisely in deciding to 
remain in London, and had been well supported by 
the students in so doing. There had been much 
talk, continued Sir Henry, of failure to make the 
best use of scientists, and it would have been noted 
that the Government were now taking active steps 
to enlist their aid. The real trouble, however, was 
not a lack of scientists—there had never been any 
shortage of them—but a lack of engineers of such 
obvious and acknowledged status that no Govern- 
ment could afford to ignore any opinion that they 
might express. The good engineers had become 
absorbed into industry, and to the public, and to 
Governments, they were unknown. The President, 
who responded, spoke on the same theme. The 
essential genius of the engineer, he said, was to 
create something; but then he must realise, also, 
that he could not ignore the question of sales, 
and first he must learn to sell himself and his ideas. 
There had been a tendency to put planning, works 
organisation and management, and similar studies 
on a different plane ; to regard them as being not 
quite “ professional.” That was a great mistake. 
Engineering could only be learned thoroughly in 
the works. Applying similar arguments to the 
war, he referred to the struggle that believers in 
air power had had in trying to overcome the “ sales 
resistance ” of the Navy and the Army; but they 
had persisted and, as a result, Britain was going to 
dominate Europe eventually by means of air power. 
Mr. J. T. Edwards (honorary secretary of the 
Society) also responded to the toast, and gave an 
outline of the Society’s operations during the year. 
Nineteen meetings had been held, and 13 of the 
papers had been contributed by students—an 
unusually high proportion. The number of papers 
to be examined had increased the work of adjudica- 
tion and, in consequence, the prize for the best 
paper had still to be awarded. Mr. R. B. Godfree 
(chairman of the Society) proposed the toast of 
“The Guests ” and Mr. A. M. Holbein, in acknow- 
ledging it, took the opportunity, as an employer, to 
commend the operation of the vacation apprentice- 
ship scheme and the keenness of the students who 
took advantage of the experience which it afforded. 
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SYNTHETIC HYDRO- 
CARBONS. 


By A. E. Writiams, F.C.S. 


In those countries possessing little or no natural 
reserves of mineral oils the incentive to create these 
artificially has long been manifest, and the last 
decade has witnessed the erection in some European 
countries of large-scale plants for the hydro- 
ay ey of coal tar and of coal itself. These plants 
or the creation of artificial mineral oils represent 
many years of intensive research work by engineers 
and chemists, but the fact remains that, under 
normal conditions, they do not produce motor 
spirit, or any other mineral fraction, comparable in 
price with the natural mineral oils. On account of 
this, much interest has been shown, in the last 
few years, in what are loosely described as “syn- 
thetic oils,” which give promise of being a cheaper 
product. Unlike the oils which result from the 
hydrogenation of tar or coal—which process consists 
essentially of chemically combining hydrogen with 
oil-bearing material already present in the tar or 
coal—synthetic oils have as their starting point 
the elementary gases of which natural mineral oils 
are composed. Bann pene may consist of water gas 
to which an excess of hydrogen has been added to 
make a mixture consisting approximately of one 
part of carbon monoxide to two parts of hydrogen. 
An alternative gas mixture results from the gasifica- 
tion of low-temperature coke, the carbon dioxide 
in this mixture being extracted by suitable means ; 
about 93 per cent. of the resultant gases consist of 
carbon monoxide and hydrogen in the correct 

ions. It is obvious that, in some circum- 
stances, this latter gas mixture may prove to be 
cheaper than water gas, to which hydrogen has to 
be added, for this arrangement necessitates both a 
water gas plant and a hydrogen-producing plant. 

The Fischer-Tropsch Process. — The pioneers 
of synthetic-oil production from such gases are 
Fischer and Tropsch, and the process is generally 
associated with their name. These technologists, 
in 1925, discovered that both liquid and gaseous 
hydrocarbons could be made, with the aid of a 
catalyst, by working at only atmospheric pressure, 
from-carbon monoxide and hydrogen.* A few years 
later? they introduced an improved type of catalyst, 
composed of cobalt, thorium and kieselgubr, in 
place of the iron and cobalt catalysts previously 
used. This catalyst is substantially that in general 
use at the present day. It is prepared by precipi- 
tating the oxides of cobalt and thorium on to finely 
powdered kieselguhr, which latter serves as a 
“ carrier” to dilute the catalyst and to present a 
larger area of catalyst to the reacting gases. The 
precipitated oxides are then reduced to the metallic 
state by hydrogen. When the gases are brought 
into contact with the catalyst, under specific condi- 
tions, the general reaction occurring may be 
expressed as follows :— 


nCO + 2nH, = CaH,n + nH,O 
carbon + hydrogen = hydro- + water 
monoxide carbons 


The most simple member of the hydrocarbon 
series is the gas methane, and this is produced 
merely by depriving the carbon monoxide of its 
oxygen, uniting the latter with hydrogen to form 
water, and simultaneously combining the liberated 
carbon with more hydrogen to give methane, CH,. 
Theoretically, the liberated carbon combines with 
the metal of the catalyst to form a metallic carbide, 
which latter compound is again broken up by 
hydrogen, yielding the metal in its original state, 
while the hydrogen combines with the carbon to 
form a hydrocarbon. The hydrocarbons so formed 
are always, initially, lower members of the various 
hydrocarbons series. By a process of polymerisa- 
tion such hydrocarbons form higher members of 
their series. The list given in Table I shows some 
of the more important members of the methane 
group of hydrocarbons, their composition and pro- 
perties. They include gaseous hydrocarbons and 
the liquid members, which latter go to make up 





* See Berichte, vol. 59, page 830 (1926). 
t See Brennstoff Chem., vol. 13, page 61 (1032). 





motor fuel. All such fractions may be produced, 
in varying proportions, depending on the manner 
of working. When hydrogen is present in excess 
in the gaseous mixture, the tendency is to create 
gaseous hydrocarbons, such as methane, ethane 
and propane, at the expense of the liquid fractions ; 
while when the hydrogen proportion is lacking the 
unsaturated olefine hydrocarbons are mainly pro- 
duced. An increase in the proportion of catalyst 
to gases results in the formation of benzine, to the 
exclusion of other hydrocarbons; and by making 
the catalyst alkaline a mixture of synthetic vaseline 
and paraffin wax predominates. When an abnor- 
mally high temperature is used, the synthetic 











TaB_e I. 
Boiling Speci 
Product. Composition. Point. Gravity 
Deg. C. 
Methane ‘ CH —164 0-415 
Ethane ‘ Call, —93 0-466 
Propane : C,H, —45 0-536 
Butane i CBee 1 0-600 
Pentane . sHis 36 0-627 
Hexane - Gattis 69 ose 
Heptane ° ‘ as 0- 
Octane || C.Bis 125 0-720 
Nonane : oH 149 0-733 
Decane : Clots: 173 0-746 
. CisHes 214 0-773 
Hexadecane . CisHs, 287 0-775 











hydrocarbons are “ cracked,” giving a deposit of 
free carbon and methane. 

The Effect of Pressure.—The pressure of the gases 
in the reaction chamber greatly affects the propor- 
tion of gaseous, liquid and solid hydrocarbons 
produced, and also the amount of initial gases remain- 
ing unconverted. Theoretically, 1 cub. m. of a gas 
mixture, consisting of one part of carbon monoxide 
to two parts of hydrogen, should yield 208 grammes 
of hydrocarbons of one or other variety; but, in 
practice, the efficiency of the process cannot yet be 
regarded as high and some of the initial gases 
always remain unconverted. What proportion 
depends normally on the pressure used. Table II 
shows the effect of various pressures on the total 
yield of hydrocarbons, and their several types, from 
1 cub. m. of gases, when the working temperature 
is 200 deg. C. and the catalyst is cobalt-thorium on 
kieselguhr. In industrial practice, the total yield of 
hydrocarbons is slightly less than that indicated 
in the table, because the gas mixture is never pure 
but contains a small proportion of unconvertible 
gas, such as nitrogen. From the figures in Table Il 
it is apparent that, at atmospheric pressure, a 
relatively proportion of volatile oils is obtain- 
able, alt the total yield of hydrocarbons is 
poor. The most useful working pressure, to obtain 
a maximum yield of liquid products, appears to 
lie around 15 Ib. per square inch, for at this pressure 
a good proportion of liquid oils is obtained without 
a predominance of solid wax. Moderately high 
pressures result in a large increase in the wax 


amounts to about 10 per cent. per month, and 
usually, when the activity has fallen to about 70 per 
cent. of the original value, the catalyst has to be 
replaced by a fresh supply. The used catalyst 
can be revivified by extracting the wax with a 
solvent, and this extracted wax represents the 
hardest portion of the wax fraction produced during 
the synthesis. It commonly has a melting point 
of between 90 deg. and 100 deg. C. This nuisance 
of wax deposition on the catalyst is less prominent 
at high working pressures than it is at low pressures. 
Another factor which has the effect of lowering 
catalyst activity is the presence of “ poisons” in 
the gases, of which sulphur is the most potent. As 
the gases generally have their origin in coal, a 
certain amount of sulphur is nearly always present. 
This sulphur may occur in two forms, as hydrogen 
sulphide or in the elementary state. Hydrogen 
sulphide may be removed by passing the gases, at 
a temperature of about 18 deg. C., over hydroxide 
of iron, which takes up the sulphur. The hydroxide 
gtadually becomes exhausted owing to the formation 
of iron sulphide. When this stage is reached the 
spent material is exposed to moist air to regenerate 
it, the reaction being as follows :— 


4FeS + 30, +6H,O =2Fe,(OH), + 48 

iron oxygen water iron sulphur 
sulphide hydroxide 

According to Fischer and Tropsch* elementary 
sulphur may be eliminated from the gases by 
passing the latter over finely-divided lead or tin 
deposited upon an inorganic carrier, which mixture 
is most active at a temperature between 300 deg. 
and 500 deg. C. The German synthetic-oil com- 
panies stipulate that the amount of sulphur in the 
gases passing into the synthesis vessels should not 
normally exceed one grain per 1,000 cub. ft. In 
spite of all efforts to eliminate sulphur, however, 
a catalyst of the cobalt-thorium type slowly accumu- 
lates sulphur and so becomes poisoned or inert. 
The sulphur may be removed from the catalyst 
by heating in a current of air, which converts the 
sulphur to sulphur dioxide vapour. Although, in 
the majority of cases on record, the desirability 
of eliminating sulphur is fully recognised, it has 
been proposedt to use a sulphur compound as a 
catalyst. Cobalt sulphide is recommended and 
when the gas mixture is passed over this at a pressure 
of 20 atmospheres and a temperature of 270 deg. C., 
in a vessel lined with aluminium, synthetic petroleum 
results. 
The Synthesis.—The synthetic production of 
hydrocarbons is an exothermic reaction, the heat 
evolved amounting to about 7,000 B.Th.U. per Ib. of 
hydrocarbons made. The temperature of operation 
is of the order of 195 deg. C. and has to be rigidly 
controlled to ensure a good yield of products. 
Several types of reaction chamber have been 
evolved; one of these consists of a rectangular 
welded-steel vessel, suitably lined, approximately 
18 ft. by 3ft. by 4in. Into these narrow chambers 





proportion, with an accompanying decrease in the 


the catalyst is loosely packed. The chambers are 


TABLE II.—Yrecp or Propvcrs, tv GRAMMES, FROM 1 CUBIC METRE oF Gas. 

















Gaseous Oils. Oils. Total Yield 
Pressure Hydro- B.P. Below B.P. Over Solid Wax. of Unconverted Gas. 
carbons. 200 deg. C. 200 deg. C. H ns. 
i 
Lb. 8q. in. 
ar 36 71 39 9 155 53 
15 46 74 41 12 173 35 
50 38 51 46 49 184 24 
100 35 48 50 58 191 17 
250 31 49 44 57 181 37 
500 23 53 46 42 164 44 














liquid hydrocarbons, although the total yield of 
hydrocarbons—due to the wax increase—is higher. 
The pressure used with a specific catalyst and 
temperature therefore depends on the character of 
the products required. 

Problems Relating to Catalysts.—A catalyst such 
as cobalt-thorium on kieselguhr gradually loses 
its activity when in use. This is primarily due to 
the absorbent properties of the kieselguhr which 
is carrying the finely-divided metals. A film of 
the harder waxes, which are formed during the 
synthesis, attaches itself firmly to the surface of the 
catalyst, and hence lowers the effectiveness of the 








latter. The loss in catalyst activity from this cause 


arranged alongside each other in a series of 20 or 
more, and are immersed in a common oil bath so 
arranged that the oil may circulate freely around 
each side of the chambers. This oil is kept in 
constant circulation by a pump, which draws it 
through a series of tubes arranged for gas-heating, 
when necessary, and for water cooling when required. 
The pump redistributes the oil to the bath at several 
points simultaneously to maintain a uniform 
temperature. It is generally possible to utilise the 
gaseous hydrocarbons and unconverted gas from 





* British Patent 254,288. 
t British Patent 269,521. 
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the indie to heat the oil. The gas mixture 
entering the chambers is pre-heated to the required 
temperature, and each chamber has a gas input 
of about 200 cub. ft. per minute. It takes approxi- 
mately 120 cub. ft. of mixture to produce 1 Ib. 
of hydrocarbons, so that allowing for inert and 
unconverted gas and ydrocarbons, one 
chamber produces from 70 lb. to 80 Ib. of liquid and 
solid hydrocarbons per hour. The jon 
unconverted gas coming from the chamber is at 
its lowest—other things being equal—when the 
catalyst is fresh. As the process is continued this 
proportion ‘slowly increases, due to the falling 
activity of the catalyst. In some plants what is 
called the “ two-stage ” system is operated, resulting 
in a higher conversion of gas and a longer life for the 
catalyst. Two-stage operation consists of first 
bringing the gas mixture into a series of chambers 
containing partly-spent catalyst, which latter 
attracts any sulphur present in the gas and converts 
some of the gases to h . The gases 
emerging from these chambers then pass into 
similar series in which the catalyst is of higher 
activity and so is capable of converting a large 
proportion of the gases passed by the previous 
catalyst, although the “available” gases in this 
second series are in less concentration while the 
percentage of inert gas has increased owing to some 
hydrocarbons being formed from the gas mixture 
in the first series. 

The heavier fractions, i.e., the waxes and high- 
boiling point oils, trickle down the walls of the hot 
chambers, whence they are run off at intervals ; 
but the more volatile fractions, together with 
the gases still remaining, first pass into a condenser 
kept at a temperature of about 110 deg. C. The 
purpose of this warm condenser is to trap any 
wax entrained with the gases before it proceeds 
further to block up other, cooler, condensers used 
in liquefying the low-boiling oils. When these 
have been condensed there is still a considerable 
volume of gas to be dealt with. This gas comprises 
unconverted gas, inert gas (chiefly nitrogen) and 
hydrocarbons which are gaseous at normal tempera- 
tures. In the German plants these residual gases 
go through an activated-carbon recovery plant, 
which retains the hydrocarbons. The gaseous 
hydrocarbons, when recovered from the carbon plant, 
may be used as a source of heat for the plant, or 
be compressed into cylinders for use as motor fuel. 
Besides the numerous synthetic-oil plants which 
were operating in Germany at the commencement of 
hostilities, there are several operating in Japan, 
which country comes next after Germany in the 
matter of synthetic-oil production. In 1937, the 
Mitsui Mining Company commenced building a 
Fischer-Tropsch plant, which came into operation 
in 1940. Several other plants owned by the same 
company will be ready for production during 1942. 
Similar plants are also being operated by the Natural 
Gas Institute of the Formosan Government, and 
by the Hokkaido Synthetic Oil Company. In the 
United States the process has attracted attention 
because, in that country, there is an abundance of 
natural gas (gaseous hydrocarbons) in the vicinity 
of the oil fields, and the Fischer-Tropsch process 
offers a ready means of converting this into valuable 
liquid oils. 

The wax obtained in the process may be substi- 
tuted for natural paraffin wax; it may be used, 
for example, in electrical insulation, wherein it has 
a higher insulation value than the natural paraffin 
wax. In appearance, it is of a faint yellow colour, 
when bleached, and it may be readily separated 
into different degrees of hardness by melting at 


specific temperatures and running off the liquid} being 


fraction. For several years the Germans have made 
an ingenious use of this synthetic wax; they 
oxidise it so as to produce fatty acids, and these, 
when combined with caustic soda, make soap, and 
when united with glycerine make lard or butter. 
The character of the liquid oils obtained in the 
process is largely paraffinic and the heavier frac- 
tions make an ideal Diesel fuel, but on account of 
their paraffinic nature the low-boiling point fractions 
are not directly suitable as motor fuel, owing to 
their low octane value, which is usually in the 
neighbourhood of 50. This defect is remedied by 


of| may also be obtained in the process. For this 


with fuels of high octane value. An alternative 
method of increasing the octane number has been 
proposed by Egloff, Nelson and Morrell,* who 
subjected the low-boiling fractions to a thermal 
crac process, in which a yield of 84 per cent., 
by volume, of motor spirit having an octane number 
of 66 is obtained. Synthetic lubricating oils, 
comparing favourably with the natural products, 


olefine fractions are most suitable, but 
normally these form only a small part of the syn- 
thetic hydrocarbons. To obtain a high yield of 
unsaturated olefins, it is necessary to decrease the 
hydrogen proportion in the gas subjected to syn- 
thesis. Lubricants are produced from the resulting 
heavy olefinic oils by polymerising them with the 
aid of an aluminium chloride catalyst. The lubri- 
cants produced in this way are said to be of good 
quality while fresh, but, in use, tend to take up 
oxygen and increase rapidly in viscosity, which 


genating them. 








LETTERS TO THE EDITOR. 


TRAINING LABOUR FOR 
MUNITIONS. 
To THE Eprror oF ENGINEERING. 
Srr,—The most constructive comment that has 
been made recently concerning the training of labour 
is that it is easy to train inexperienced people to 
carry out repetition work, but impossible to turn 
the same labour into skilled workpeople in a three 
months’ course. Not the least of the problems 
surrounding the training of labour lies in the fact 
that, on top of an entirely new occupation, comes 
the transfer of the trainee to new surroundings ; 
usually to town surroundings, which, in these times, 
may be not altogether pleasant. It is more pleasant 
and desirable for the trainee that training should 
be carried out in rural areas. In almost any district 
throughout the country, there must be munition 
works within a reasonable distance, and so, given 
the desire to operate training schemes in rural 
areas, work of a kind suitable for the raw labour 
should be available. So far as premises are con- 
cerned, I would propose to treat the whole question 
on the lines of rural industries, splitting the work up 
into single operations, carried out in barns and 
garages, within easy distance of the workers’ homes. 
This would solve transport and feeding problems, 
and enable trainees to adapt themselves to unaccus- 
tomed work, without the added problem of lodgings 
in large towns liable to air raids. 

i next with the actual training : it is 
beyond question that, given a willing management, 
the best training is obtained by starting in a works 
as a labourer, and graduating upwards, but this 
method cannot produce the required labour quickly 
enough. The system of training which aims at 
instruction in the abstract, rather than by actually 
making needed parts, is also too slow for war-time 
conditions. These do not in any way 
aim at supplanting the existing training centres— 
far from it; they aim at increasing the supply of 
trainee labour by using other channels. It is certain 
that a proportion of the labour employed could be 
transferred with advantage to existing centres for 
“upgrading,” or direct to factories, where they 
could do the same jobs that they had been doing 
in the village workshops, and thence qualify for 
better jobs. There is a vast amount of simple work 
carried on in large factories which hardly 
justifies the shop room that it takes up, while it 
monopolises numbers of workpeople who are worthy 
of more intricate jobs. This is the type of work 
that could be transferred with advantage to rural 
surroundings. Rural electrification makes power 
supply relatively easy. 


people available, who, while reasonably skilled, are 
not fit enough to migrate into the large towns and 
work on munitions; and, in addition, there must 
be a large amount of skilled labour available on 





defect, however, can be remedied by slightly hydro- 


For instructors, there should be numbers of local | i 


Remuneration of trainee labour no diff- 
culty, as the Government rates of pay are highly 
satisfactory, and could be by some 


piecework prices. With regard 
ou:the ellusiin-af enpuovinnsn, Hicted late ahtie 
men have got to alter our outlook. If we were 


and duties. We are not able to serve, and are not 
entitled to expect more than the remuneration that 
we would have received had we been eligible for 
the Services. It should be a simple matter to 
grade such supervision on that basis, remuneration 
being proportioned to the size of establishment, and 
being subject to bonus, again based on the weekly 
output of “ passed ” work. 

The scheme as outlined has the merit that it 
could be started up in a small way, and expanded 
naturally. It does not need any elaborate staff ; 
the work undertaken would be given out at standard 
prices; and there would be no need to run the 
organisation on a profit-making basis. So long as 
it did not show a deficit, all would be well, and, if 
started simply, it should not run at a loss. In 
recent years, I have watched the output of a works 
in rural surroundings start from scratch, and increase 
rapidly, with operatives drawn from the surrounding 
villages. I have seen those operatives increase in 
skill, under wise management, and know that the 
somewhat revolutionary here outlined 
would work. They would solve a problem which 
must be faced if air attacks continue, and that is 
the progressive evacuation of unneeded people 
from the towns to the country districts. This can 
only be effective if they are given something to do 
when they get there. 

The transport problem, so far as the workers are 
concerned, is solved by the nearness of the individual 
to his or her home, or lodgings ; the of 
the output between operations would be by wheel- 
barrow, or by trailer behind a car; the transport 
of the components from village to works is a matter 
of a weekly lorry load, the lorry bringing back 
material for the next week’s output. 

The ideal centre of operations would be one of 
the large country houses, where, in addition to 
housing accommodation for the staff, and a propor- 
tion of the employees, there would be stabling,and 
outhouses which would go a long way to serving as 
factory buildings. 


Yours faithfully, 
Kyrie W. Wr.ans. 
Rose Mills, 
Ilminster, Somerset. 
April 26, 1941. 








THE EFFICIENCIES OF THE 
CENTRIFUGAL PUMP. 

To THe Eprror oF ENGINEERING. 
Sm,—Mr. Ure Reid’s letter in your issue of 
May 2, on page 355, suggests a danger of confusion 
between two somewhat different questions. If a 
pump having suction and discharge branches of 
equal size is tested, the head is taken to be the 
algebraic difference between gauge pressures at the 
two branches; if the suction branch is increased 
in diameter the absolute pressure shown by the 
suction gauge will be greater than before and an 
arithmetical correction must be applied. This does 
not credit the pump with anything more than what 


head and delivery but having different discharge 
branch sizes are to be compared, it is to 








the addition of tetra-ethyl lead, or by blending 





* See Ind. & Eng. Chemistry, vol. 29, page 555 (1937). 


know the worth of discharge velocity in the appli- 
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cation under consideration—in the case of a pump 
discharging directly into a large reservoir this value 
is nil, but is a hundred per cent. if the discharge is 
into a pipe line, the diameter of which is inde- 
pendently fixed at the same size as that of the 
pump branch. The relative sizes of suction branches 
do not enter into this question. The case considered 
by Mr. Ure Reid, where the pipe line is larger in 
diameter than the pump discharge and a taper piece 
is used, needs a knowledge of the efficiency of energy 
conversion in this taper piece. He appears to believe 
this efficiency to be zero. (Then why use a taper 
piece in preference to a sudden enlargement ?), but 
I am not clear whether the whole of the carefully 
shaped discharge passage is supposed to have zero 
efficiency or whether that only applies to an added 
taper piece. The former of these suppositions is 
refuted by numerous tests of pumps in which the 
mean velocity at the end of the volute, i.e., the root 
of the passage, represents an energy 
value closely approximating to the entire loss from 


B.H.P. input to W.H.P. output, so that zero | 


efficiency in the passage would mean 
about 100 per cent. efficiency everywhere else. 

Having been thoroughly imbued in my school 
days with the idea that all motion is relative, I was 
puzzled by Mr. Ure Reid’s distinction between 
water flowing in the impeller passages and vanes 
being driven through the absolute streams; it is 
now clear, however, that he is attacking the fallacy 
of forgetting that acceleration is absolute. Certainly 
the idea that the velocity relative to the impeller 
demands an equivalent acceleration, can produce 
the absurd results he quotes in connection with 
extraction pumps. 

I do not understand what Mr. Ure Reid asks 





or how an allowance can be made for the effective 
channel friction on the relative velocity, but aoe 
that an increase of head due to friction cannot be 

absolutely ruled out. A plain disc revolving in a 
casing will, by friction alone, set surrounding fluid 


rotating and so generate a head (in fact, there is a | 
practical application of this pumping action in some | 


gyro-compasses where air pressure so generated by 
friction of the gyro disc is used to actuate relays), 


and what certainly happens in the absence of vanes | 


may have some effect even in their presence. 
Yours faithfully, 
A. Mavups. 
Bedford. 
May 6, 1941. 





To THe Eprror oF ENGINEERING. 


Srr,—If Mr. Ure Reid’s suggestion that the “ loss 
due-to the total wetted surface of the impeller may 
be treated as a mechanical loss ” is to be criticised, 
the meaning of the terms “mechanical” and 
“ hydraulic” in connection with the energy losses 
will have to be re-examined. 
always referred, in other applications, such as heat 
engines, to the losses involved in the transfer of 


mechanical energy from one point to another, | 


mechanical energy being generally understood to be 
that of solid bodies. The energy supplied from the 
motor at the pump coupling is, of course, mechanical 
energy. Part of this energy is lost by the work 
done against friction at the bearings and glands. 
Classification “A” of the original article assumes 
that this is the only mechanical loss, the remaining 
energy being available for transfer to the liquid on 
which the pump is operating. The remainder of 
the losses will therefore be hydraulic, as they are 
those involved in the transfer of the mechanical 
energy available at the impeller to the hydraulic 
energy of the issuing liquid. Classification “ B” 
assumes that all the mechanical energy remaining 
after the bearing loss is supplied, is not available 
for the production of useful hydraulic energy to the 
liquid flowing through, because of the friction of 
the external surfaces in the ambient liquid. In 
support of this it may be argued that the external 
impeller surfaces need not rotate in the liquid— 
a seal could be made round the tip of the impeller 
and the whole external surface regarded as a bearing 
surface. Mr. Reid now suggests that the fluid 
friction losses within the impeller may be regarded 


Mechanical losses have | 


| as a further mechanical loss. This would leave only 

those in the eye and the diffuser as hydraulic losses ; 
but surely there is no difference in character between 
those in the impeller and in the diffuser, since they 
both occur to the main flow itself, and are essentially 
hydraulic in character. Unless a simple definition 
of “‘ mechanical losses " can be supplied by Mr. Reid 
which would cover this addition, it is to be feared 
that further confusion would arise. 

Mr. Reid has misconstrued my remark on the 
difficulty of understanding his statement that the 
“ fluid does not flow in the impeller channels, but 
the vanes are being driven through the absolute 
streams.” It is the words “not” and “ but” and 
not merely the last phrase to which objection is 
made. “Not” should be deleted, and “ but” 
replaced by “and.” Both processes are operative 
at the same time, and they are not contradictory. 
| The illustration given by Mr. Reid in his last letter 
| with reference to a limiting relative velocity does 
not affect the above comment at all and only sug- 
gests that the rule was made on superficial con- 
siderations only. Probably the rule came through 
comparing the impeller with a hydraulic pipe 
without considering the effect of the differences, 
some of which are obvious. For instance, an 


I 
impeller channel has a much longer q ratio than a 


conventional pipe, the flow conditions are far more 
complicated due to entry conditions, to curvature, 





immediately inside the vanes. The dimension z 
in Fig. 2 represents the sudden whirl produced by 
the inlet tips. 

The question of whether a frictional loss can 
increase the head developed or not depends on the 
view point. Since frictional loss means that energy 
has become unavailable for producing head, then 
for a given power input the head produced must be 
less with friction than without. The other view- 
point disclosed by Mr. Reid in his reference to the 
impeller exit triangle, is that since friction reduces 
the relative velocity the absolute velocity and, 
therefore, the whirl must be increased, but at the 
same time the flow is reduced. A similar effect 
could be obtained in the frictionless fluid by slightly 
closing the valve, thus causing the pump to operate 
on a different point on the characteristic. Mr. Reid 
stated that the increase of head was just the reverse 
of that indicated in Sherwell and Pennington’s 
paper. The reference is not quite clear, but it is 
presumed that they would refer to conditions at 
maximum efficiency and therefore would apply to 
one point only on the characteristic. 

According to the modern theory of pump action, 
the mean direction of flow from the impeller does 
not correspond to the vane angle. The amount of 
deviation may be affected by friction, and so the 
head produced by a pump impeller may increase 
with more viscous fluids for a given discharge. 
This increase, however, is invariably at the expense 
of a greater input from the motor. 
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and to lack of parallelism of walls. To make a 
| hard and fast rule for the relative velocity in an 
| impeller channel based on the normal practical 
limits in a pipe would indeed be unwise. This, 
however, does not affect the well-known hydro- 
dynamical principle that the profile drag (the 
resistance due to wetted surface) is a function of 
the relative velocity between a fluid and the con- 
tacting surface. 

Mr. Reid asks the question, “Can the relative 
velocity be varied at will?” Considering inlet 
conditions, it may be supposed that the absolute 
velocity there is radial and has an upper value 
limited by considerations of cavitation. The inlet 
tip diameter is controlled by the normal discharge 
and the speed by the total head required. Thus 
the relative velocity of the liquid just before enter- 
ing is only subject to changes within very narrow 
limits as the inlet triangle is practically fixed. Once 
within the sphere of influence of the impeller, 
however, the relative velocity may be modified by 
using a vane angle which does not correspond to 
the relative direction of flow, as shown by dotted 
lines on Mr. Reid’s diagram. The leading edge 
exerts a force on the flow causing it to deviate more 
rapidly from the radial direction than is shown in 
his diagram. The effect of this is that whirl is 
imparted right at the entrance, leaving less to be 
imparted later on. The energy losses at entrance 
may be greater than in shockless entry, but, as stated 
im my previous letier, this may be counterbalanced 
by resulting gains. The conditions shown in Fig. 1 
are for the inlet triangle immediately before the 














vanes and those in Fig. 2 for the inlet triangle 


Yours faithfully, 
J. JENNINGS. 
mere <= Technical College, 
, 6. 
May ris 1941, 








WAVES IN AN OPEN OSCILLATING 
TANK. 


To THe Eprror or ENGINEERING. 


Srr,—Referring to the article in your issue of 
March 21, page 224, by A. M. Binnie on “ Waves 
in an Open Oscillating Tank,” the results obtained 
are very interesting and I have been tempted to 
add to them by including the effect of a rise and fall 
of the system with the same period as the rotation, 
which will correspond to the heave of a ship when 
superposed on its pitch. Generally the heave 
period is a little longer than that of the pitch, but 
not greatly, so that the assumption of an equal 
period is an approximation to the truth. The 
results will also apply to the case where the axis of 
rotation is not symmetrical to the tank. 

The general result is to confirm the decrease in 
amplitude shown by Mr. Binnie for a low position 
of the tank, but the gain tends to be somewhat less 
than in his case. For example, using his dimensions, 
if the centre of oscillation is 72 ft. from the centre 
of the tank (or, which is the same thing, if the ship 
is heaving through 6 ft. and pitching in the same 
period through an angle of 5 deg.), then the eleva- 
tion at the end of the tank for p = 0-75 is halved 
by the change of position suggested by Mr. Binnie 
instead of being reduced to one-third of its value. 

Yours faithfully, 
C. WIGLEY. 

William Froude Laboratory, 

National Physical Laboratory, 
Teddington, Middlesex. 
May 8, 1941. 








Tue INSTITUTION OF ELECTRICAL ENGINEERS.—The 
Committees of the Meter and Instrument and of the 
Transmission Sections of the Institution of Electrical 
Engineers have nominated members to fill the vacancies 
which will occur on these two Committees on Septem- 
ber 30 next. The nominations for the Meter and Instru- 
ment Section are, as chairman, Mr. W. Phillips; as vice- 
chairman, Mr. E. H. Miller; and as ordinary members 
of the Committee (three vacancies), Messrs. A. T. Cuss, 
E. Fawssett and L. J. Matthews. The nominations for 
the Transmission Section are, as chairman, Mr. 8. W. 
Melszom ; as vice-chairman, Mr. P. E. Rycroft, M.B.E. ; 
and as ordinary members of the Committee (four vacan- 
cies), Messrs. C. F. Bolton, F. Favell, F. de B. Hart, and 
A. H. Roberts. 
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REVIEW OF BRITISH STEEL 
POSITION. 


Or the leading steel-producing countries, the only 
one which still issues statistics Pe & United — 
of America, and, according to the latest figures, 
American production of steel this year will be 
in the neighbourhood of 87,000,000 tons. In 1937, 
a year in which the industry generally was running at 
a high level, Great Britain produced approximately 
13,000,000 tons of steel and Germany 19,500,000 tons. 
The events of last June placed under Germany’s 
control the entire iron and steel uction of the 
Continent, with the ex of Euro Russia. 
Before the war, France, Luxembourg, Belgium and 
Italy produced approximately 16,000,000 tons 
annum. If this be added to Germany’s product 
(it is extremely unlikely that Germany is obtaining 
maximum production Fame unwilli ee 
she has overwhelmed), and allowing for every ib 
effort on the part of Gentiauy $0 step up Corman 
production, and not taking into account the frequent 
visits paid by the R.A.F. to enemy and enemy-occupied 
key centres, the total production at Germany’s disposal 
does not exceed 45,000,000 tons. Clearly, therefore, 
Great Britain and friendly non-belligerent America, 
with a joint potential output of about 100,000,000 tons 
of steel per annum, have no need to fear a steel race 
with the Axis Powers. 

At the present time, it is believed that Great Britain’s 
steel capacity is in the neighbourhood of 14-7 million 
tons per annum. This is not sufficient to support all 
the demands made for steel by the Services and essential 
industry, and the Iron and Steel Control has been 
importing finished and semi-finished steel in con- 
siderable quantities from America for some time. This 
imported steel has been to a great extent put aside 
in this country as a reserve em » and, 
on that score, the position is extremely sa‘ 6 
Overseas trade returns for 1940 show that the value 
of imports of iron and steel manufactures in that 
totalled 45,350,989/., compared with 17,620,856. in 
the previous year, while in the same period imports of 
iron ore and scrap increased in value from 9,699,8072. to 
16,555,7181. All these statements are very ey 
but the question arises whether there is a reverse si 
hitherto undisclosed. What, it may be asked, about 
the interruption of production in this country by 
enemy air activity? Are the workers standing up to 
the strain of worki 21 shite «we instead of the 
pre-war 18? Are the resultant steel supplies being 
allocated economically and efficiently ? P 

In the case of the first question, the answer is that 
the British steel industry, thanks to an efficient “ Jim 
Crow ™ air-raid spotting system, which was generally 
enforced some time before raids began in earnest, and 
the resolute attitude of mind of the work: 
lost the minimum amount of operational 


have not affected the workers’ 
extent to black-out conditions 
increase of heat and absence of 
been an increase in heat sickness, but only to 
slight extent. yh wth Bee ey 
of skilled labour, as the men themselves undertake 


as not, are relatives. One feature of the industry has 
been freedom from absenteeism. 

The answer to the last question, namely, whether 
steel is being allocated efficiently and wisely, is of vital 
importance, because the organisation and distribution 
of steel supplies is the fulcrum on which our entire 
industrial war effort turns. Fortunately, our iron 
and steel industry, even before the outbreak of war, 
was one of the “7 tightly-knit and well-controlled 
organisations in the torn | ing the decade 
great steps towards rati remy ve-igliieaian 
of the industry have been taken by the British Iron 
and Steel Federation under the 


a complete list of the capacity and current per- 
formance of every furnace and was 
at the disposal of the Iron and Steel Control 
British Iron and Steel Federation. This ena’ 
a to = over the industry to 
ooting overnight, whereas this ition 
cchiowsd tn tht lesb wer olla acter 2 
elapsed. The Distribution of Steel Su 
the working of which is now well known, 
accepted with good grace by steel manufact 
consumers who appreciate that no other 
would be te. It was amended 
after six m operation, and to-da 

purposes. 
therefore, appears 


z 


3 
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8 
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if any, use of steel except for 
answer to the third 


[he has re-eng 


of | with the val of the man’s 


LABOUR NOTES. 


Tue claim of the railwaymen’s trade unions for a 
wage advance of 10s. a week for members in the traffic 
grades and 26l. a year for clerical and supervisory 
workers, with rtionate increases for women and 
juniors, came before the Railway Staff National Tri- 
bunal on Tuesday and Wednesday last week. Address- 
ing the Tribunal at the opening session, Mr. Marchbank, 
general of the National Union of Railwaymen, 
said that the first agreement for a war wages advance 
of 4s. a week was reached on February 9 last year, 
when the cost of living figure was 73, compared with 55 
at the beginning of the war. The second agreement, 
made on May 31, brought the advance up to the 

resent figure of 7s. a week. It operated as from June 
last, by which time the cost of living had risen to 81. 
If, Mr. Marchbank continued, the standard existing 
when the cost of living figure was 55 were maintained, 
men ing 47s. a week should now be receiving 60s. 
a week. With the value of the pound reduced by 
4s. 4d., the lot of railwaymen, he added, was not very 


happy. 


Mr. G. L. Darbyshire, speaking for the companies, 
said that the estimated annual cost involved in the 
claims for staff covered by the Tribunal was 12,403,000I. 
Taking into account consequential increases for other 
staff and increases in the making up of the balance of 
civil pay for staff serving with the Forces, the total 
cost, direct and indirect, would be 16,751,000. The 
estimated annual cost of the war advances granted 
since June, 1940, was 11,954,000/., bringing the total 
up to 28,705,0001. 


Continuing his address on the following day, Mr. 
Darbyshire said that the average rate of pay of the 
adult staff in 1914 was 26s. ld. a week. average 
rate at November, 1940, and April, 1941, was 66s. 7d. 
a week—an increase of 40s. 6d. It had been decided, 
he added, that in cases where many members of the 
staff were injured while carrying out their duties, the 
allowances to which they were entitled under the 
Government scheme would be re. ree eae by the 
companies to full pay for a period of six months. The 
net revenue of the companies in 1940 was 38,608,000/., 
compared with 44,983,000/. in 1939. Mr. Darbyshire 
submitted that on the ground of increased prosperity 
the claim of the unions was not justified. Existing 
rates of pay, apart from war advances, represented a 
higher purchasing power than they did at the time 
they were agreed upon. 











A draft scheme framed by the National Maritime 
Board has been embodied by the Minister of Labour 
and National Service in an Essential Work (Merchant 
Navy) Order. Under the Order, every officer and 
rating will at the end of an engagement pass auto- 
matically into a Merchant Navy Reserve Pool unless 
by the same employer. This 
Reserve will be controlled by the Shipping Federation, 
assisted in matters concerning the Port of Liverpool 
by the Liverpool Steamship Owners’ Association. e 
Shipping Federation will, therefore, be the employer 
of every man in the Reserve, who will be obliged to 
perform the duties or carry out the instructions given 
to him, and also accept any employment, or wiiaee 
any training of which the Federation may manly dim 
with the approval of the organisation of which he is a 
member. ies in. the ieeeee aiteas al meen 
85 cent. of the pay last earned, less the war bonus 
differential payment, and ratings, the standard 
Bad rates of pay fixed by the National Maritime 
the men ing their own food. i 
employment in a ship in port, the port rate for the 
duties will be paid, if it is higher than the reserve rate. 





The Order will prevent men leaving their employ- 
ment—membership of the Reserve is employment— 


or discharged (except for serious misconduct). 
Iie Wad down tnt Ue Pedmntion nn not terminate 
the employment of members of the ex 
organisation and also 
the val in writing of a National Service officer of 
the Ministry of Labour. In the same way, a man 
must have the approval of.a National Service officer 
before leaving any employment. There will be a right 
of a the termination of employment is 
a week's notice must be given. 


The objects of the Reserve are stated to be (1) to 
pray Ligpacarny py wena. en Pao oF Snap cone 
able to meet manning requirements ps; 
(2) to provide reliefs for officers and ratings on leave; 
Lin Fone prenirien See tandeiag end er COUrseS ; 
(4) to provide for the protection and maintenance of 
ships in port. Officers and men in the Reserve may 


val by an organisation 
in all matters unless the 


appropriate organisation. A 
oll ta.amenea in tie 
contrary is shown. 


All men who have left the sea since January 1, 1936 
—officers, engineers or seamen—must register, it is 
officially announced, on May 26 or May 28. “I appeal 
to them,” Mr. Bevin said last week, “‘ to come back 
and help fight the Battle of the Atlantic.” 





The executive council of the American International 
Association of Machinists has passed the following 
resolution :—‘‘ Whereas for many years it has been the 
policy of the International Association of Machinists 
not to — to —, until all means of 
settling differences with managements have been 
exhausted and an opportunity given to the Bureau of 
Conciliation, United States Department of Labour, to 
settle the — therefore be it resolved that during 
the mt National Defence me it is the 
posi’ of the International Association of Machinists 
whenever members of the Association are employed 
in plants or on jobs in which national defence contracts 
are involved, any differences arising with managements 
which cannot be settled direct conference shall be 
treated as follows :—The Bureau of Conciliation, U.S. 
Department of Labour, shall be called upon to mediate. 
If mediation does not effect an early settlement, the 
Director-General, Office of Production Management, 
shall be requested to intervene at the earliest possible 
date to the end that there may be a settlement mutually 
acceptable. If no settlement by such means can be 
effected, and if the grievance involves issues other than 
work jurisdiction or workers’ rights, as set forth in the 
National Labour Relations Act, the grievance shall be 
arbitrated, provided the employer is sincerely co- 
operating to effect a settlement and is not resorting to 
coercion or intimidation in an effort to weaken or 
destroy unionism in his plant.” The International 
Association of Machinists is affiliated to the American 
Federation of Labour and has working agreements with 
over 5,000 employers in the United States and Canada. 





The National Delegate Conference of the Mine- 
workers’ Federation, called for last week to consider 
the evens application of the Essential Work Order 
to coal-mining i 


On the resumption of the conference, Mr. 
the president of the Federation, told the 
that the President of the Board of Trade had informed 
the deputation that the Government could not 

to bring in legislation for a national board, dan 
were already in existence both national and district 
agreements covering wages. He had suggested that the 
proper course to take was to deal with wages by means 
of that inery. On behalf of the Government 
(Mr. Lawther said), the President of 
Trade had stated that it was 


F 


lu- 
thereafter, pproved 

the application of the Order and decided to press the 

claims which are indicated in the preceding note. 





Comment‘ upon the position later, Mr. Lawther 
said that the Government now had the assurance that 
the miners would operate the Essential Work Order, 
while, at the same time, seeking to improve their 
position. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour and National 
Service, the changes in rates of wages reported to have 
come into operation in March are estimated to have 
resulted in an increase of about 95,000/. in the weekly 
full-time of about 920,000 yey ae and in a 
decrease of about 1,600. in those of 32, workpeople, 
The workpeople whose wages were reduced had received 
increases of greater amount during the first two months 
of the year. The changes reported in the first three 
months of 1941 are estimated to have resulted in a net 











emphatically in the 


tive. 





accept ts only with the consent of the 
Shipping Folsotion, given with Wb oppeevel’ of the 


increase of about 770,000/. a week in the full-time 
wages of 5,500,000 workpeople. 
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PRECIPITATION IN COPPER- 
BERYLLIUM ALLOYS.* 


By F. W. Jonzs, Ph.D., and P. Lzzcu, M.Sc. 


Tue changes in atomic configuration which take place 
during the breakdown of a supersaturated solid solution 
affect many of the physical properties of the material. 
Suitably eontrolled, such changes have been used to 
enhance the mechanical scrcaled in a large number 
of alloys, namely, the age- alloys. 

A poolhbnate survey has been made of the thermal 
effets ate conmmernerens the age- in five 


hardening process 

ieee Depry Bers The results obtained 

ted that more examination, be teat 
tive thermal methods, would provide experimental 
data that might be of value in improving present 
knowledge of mechanism of the breakdown of solid 
solutions. The present paper records the results 
obtained from an examination of the thermal effects 
observed nh the precipitation of the y phase from 
4 mt beryllium — containing 2-6 per cent. 
beryllium by weight. measurements have 
been supplemented by hardness measurements and 


X-ray a 
cussed in connection with the 


It was annealed for 4 hours at 840 deg. Cc. 
in vacuo to remove . The composition of sample 3 
was copper 98-04, beryllium 1-88 per cent. 

The specimens used for specific-heat determinations 
were closed hollow cylinders oar the external dimen- 
sions: diameter | in. and length 1} in. The hardness 

ens were pieces } in. square and } in. thick, 
and the specimens for X-ray callidieatian, rods 0-020 in. 
in diameter. The different specimens representative of 
any one alloy were prepared by as, without 
intermediate perm ew ag tages can be rage oe to have 
identical p: in so far as the effects of grain-size, 
internal ote are The specimens 
were subjected to a variety of heat-treatments which 
were carried out in vacuo (or in a stream of nitrogen). 
The measurements of specific heat were made by means 





* Contribution from the Research Department, Messrs. 
Metropolitan-Vickers Electrical Company, Limited, pre- 
sented, for written discussion, to the Institute of Metals. 
A 

+ Bee Proc. Roy. Soc., 


vol. 52, page 71 (1940). 


,|of the apparatus and technique 
the | minute and varied little 
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0 
, Uy Weight per Cont. 
described.* 
was about bout ¥ dee C. per 
ween different experiments. 
Hardness measurements were made with a Vickers 
, |diamond-pyramid hardness machine, are A 50-kg. 
load. X-ray photographs were taken in 
9 om. in diameter, with the 


\~ , rn Effect of Quenching 
Pe an ten —Fig. 1, on this page, shows the specific 
heat-temperature curves (8.T. curves) obtained on a 
_ from sample 1 after various heat-treatments. 
the is cooled at a rate of 1 deg. C. per 
deg. C. and the 8.T curve deterniined 
on heating at 2 deg. C. per minute, Fig. 1 (a) is obtained. 
By using the known values of the ic heat of 
i ag An llium, the specific heat of the 
y, 2 Cy, may be calculated, assuming the alloy to 
behave as a mixture. The values of = C, as a function 
of temperature are in Fig. 1 (6) and this curve 
should be a reasona approiastion to the tue EP. 
curve of the alloy when no change in atomic 
tion takes place. Prete hs (a) 
and | (5) are in agreement within th mits experi- 
mental error (+2 per cent.), indicating that the struo- 
pov: Nepal gin Beem rieteee Begg atin A 
ciably in this temperature range. ee 
the curves diverge, the ap sar ieee heats the 
alloy being greater than Phe value = Cy obtained by 
calculation. The extra energy is absorbed in dissolving 


*Bee C. Sykes and F. W. Jones, Jl. Inat. Méd., 
vol. 59, page 257 (1936). 


(7681.8) 


The heating rate em 











5 ae | ee cack 





the beryllium-rich phase. The © C, .T line is shown 
as a “ basis line” for each curve in Fig. 1. 
wy Et Rk wee ee curves obtained on 


the specimen after quenching from temperatures of 
840, 800, 760, 700, 60, and 600 deg. C., respectively. 
were heated 


Ae A se 8 yma army 
to the quenching tem and then held at this 
temperature for a period varying from 30 minutes to 
60 minutes. Figs. 1 (c) to 1 (4) show marked deviations 
from the £C,.T curve at ee low tem 

I be seen, for example, by ery wow by 4-4 
. curve of the alloy 
“TT curve. Up to 180 deg. pa 


feel 
Ge 


raperatraed luton ha br eed te par 
crosses the XC,.T curve. At this temperature, 
pan age tg a Cage: nape 

processes occurring in the alloy en energy content 
is zero, i.¢., any heat wee due to the last phases 
of precipitation is balanced b aby Ap senge ig! = the 
first stages of re-solution. ‘Above 430 deg. C. the net 
effect is an absorption due to the re-solution of the 

itate. 


precipi 

(b) Effect of Degree Supersaturation; Energy 
Evolved.—The solubility of beryllium in copper increases 
cent. at 300 deg. C. to 2-1 per cent. at 
is seen in Fig. 2; consequently, the 
associated with precipitation should 
increase as the quenching temperature is raised. Visual 
examination often 14 1 (c) to - (g) indicates that this 
is the case heat evolved may be determined 
quantitatively in yg Mem of the area enclosed between 
the §.T. curve and the = C, .T curve, ~ Soong room 
temperature to that temperature (~ 430 C.) at 
which the curves cross. Table I records the armen 


measurements, The experimental results given in 
Table I were reproducible to +0-3 cal. per grm. 


from 0-2 
































Taste I. 
Deg. C. 
Heat evolved, cal, 
pergrm. ....| 74 | 72 | OD | GOL | 4-8 
The Shape of the S.T. Curve.—The degree of super- 
saturation exerts a marked effect on the shape of the 


8.T. eurve and also 
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peci as quenched from 600 deg. C. a temperature | parameters from 8. X-ray specimens, hardness i- 

of 350 deg. C. is reached before a similar effect is mens, and ific-heat specimens as quenched from 
observed. The above very interesting effects will be 750 deg. C. showed the « and f phases with no visible 
discussed subsequently in connection with the theory | trace of y. This suggests that although the specimens 
of nucleus formation put forward by Becker; in the differed considerably in size the quenching operation 
meantime, some indication of the reproducibility of ; was satisfactory in all cases. After quenching from 
the effects will be given. Figs. 1 (c) to 1 (h) were| 750 deg. C., X-ray specimens from both samples 1 
obtained using the same specimen. The experiments | and 2 were heated at a rate of 2 deg. C. per minute and 
were not carried out in any special sequence and repeat | 


| quenched at appropriate temperature intervals between 
experiments using the same —- gave results| 100 deg. and 500 deg. C. X-ray photographs were 
which checked satisfactorily. This suggests that the | then taken which gave :—({l) the Sesoniena of the 
variations are not caused by uncontrolled factors in | unit cell of the « solid solution; (2) the width of the 
the quenching technique. Additional specimens from | lines; and (3) the phases present. 
the same bar, sample 1, also gave results in good| The £ phase disappears in the temperature interval 
agreement with those recorded in Fig. 1. | 175 deg. to 200 deg. C. on heating the quenched alloy 
A specimen from sample 2 (containing practically | at 2 deg. C. per minute. From 200 deg. to 340 deg. C. 
the same beryllium as sample 1) gave results quite | only the « phase is visible ; from 350 deg. to 500 deg. C. 
different from those recorded in Fig. 1. Fig. 3 (a) gives | both a and y phases are present. The fact that the 
the 8.T. curve of this material as quenched from | § phase disappears without the appearance of a corre- 
750 deg. C., and should be compared with Fig. 1 (e). | sponding amount of the y phase is curious. Reference 
It was thought that the peculiar shape might be | to Figs. 1 (a) and 5 (6) shows that no marked change in 
due to some inhomogeneity in the specimen, and it was | either specific heat or hardness accompanies its dis- 
annealed for 6 hours at 850 deg. C. in vacuo. The | appearance. Some experiments were carried out at 
experiment was then repeated and Fig. 3 (b) obtained. | a constant temperature of 150 deg. C. on specimens 
While this curve differs in shape from Fig. 3 (a), it is | quenched from 750 deg. C. The 8 phase disappeared 
still quite unlike the curve, Fig. 1 (e). The specimen | 
was remelted and then quenched from a number of 
temperatures. The shape of the 8.T. curve for the | 
remelted specimen was found to be affected by the 
degree of supersaturation in a similar manner to that | 
recorded for sample 1, but the curves for any given 
quenching temperature were not identical for the 
two materials. Two of the curves obtained are re- f 
produced :—Fig. 3 (d) as quenched from 700 deg. C. 
(sample 2) is very similar in shape to Fig. 1 (e) quenched B 
from 750 deg. C. (sample 1), and Fig. 3 (c) as quenched | 
from 750 deg. C. (sample 2) is very similar to Fig. 1 (d) | 3 
(sample 1) as quenched from 800 deg. C. These} 
anomalies in behaviour will be referred to later. 
S.T. Curves of Specimens in the Hardened Condition. | 3 


Fig. 4, 


—A suitable hardening treatment for the copper- | 
beryllium alloy containing 2-5 per cent. beryllium | 
consists in water-quenching from 750 deg. C., followed | 
by an annealing treatment for 2} hours at 300 deg. C. | 
Fig. 4 (a) gives the 8.T. curve of sample 1 after the 
above treatment. The ageing treatment has removed 
practically all the chemical energy associated with the 
supersaturated solid solution. It will be noted that | 
the 8.T. curve of the hardened alloy rises above the 
x Cp.T curve before the minimum in specific heat 
observed at about 400 deg. C. is reached. The minimum 
can be attributed to the heat evolved during the final | 
stages of the breakdown of the solid solution; the) 

resence of a maximum at 320 deg. C. is very curious. | 
Some further experiments using sample | are recorded 
in Fig. 4 (6), (c) and (d). Fig. 4 (6) shows an effect | 
similar to that in Fig. 4 (a). At 350 deg. C. the specific- 
heat measurements were stopped and the specimen 
was rapidly cooled to room temperature; it was 
reheated without further heat-treatment and Fig. 4 (c) 
was obtained. The maximum is observed again, but 
at a higher temperature. In this experiment the 
measurements were stopped at 430 deg. C., and the 
specimen rapidly cooled. On reheating, Fig. 4 (d) was 
obtained; both maximum and minimum have dis- | 
appeared. Similar effects were observed, using a 
specimen from sample 2 after similar heat-treatments. | 
The general trend of Figs. 4 (a), (b), (c) and (d) suggests 
that some form of transformation occurs additional to | 
the main transformation associated with the precipita- | after about 60 hours at 150 deg. C., but no y lines 
tion process. This additional transformation appears| had appeared after 650 hours at this temperature. 








mS 




















to be more or less reversible and may take place in the Only a slight broadening of the « lines occurred ; the | 
precipitate. 'K. doublet ained resolved. After 40 hours at 
Hardness Measurements.—A series of hardness- | 150 deg. C., before the f§ lines completely disappear, 


temperature curves are given in Fig. 5. The experi- 
mental method used may be described in terms of | 
Fig. 5 (a). A number of specimens were quenched from 
800 deg. C. and then heated at 2 deg. C. per minute. 
At appropriate intervals a specimen was quenched and 
the hardness determined. In general, the results 
recorded in Fig. 5 may be summarised as follows :— 
The maximum hardness increases with the degree of 
supersaturation ; the temperature at which hardening 
begins rises as the degree of supersaturation decreases. 
By comparison with the 8.T. curves in Fig. 1, it is 
seen that the temperature at which the 8.T. curve 
begins to fall below the X£C,.T curve is also the 
temperature at which the hardness begins to rise. 
Maximum hardness is associated with a state of the 
alloy in which the major portion of the chemical energy 
associated with the original solid solution has been 
released. 

X-Ray Work.—Reference to the equilibrium diagram, 
Fig. 2, opposite, indicates that an alloy containing 
2-6 per cent. beryllium if quenched from temperatures 
above 580 deg. C. should consist of two phases, the 
supersaturated solid solution « and a second phase f. 


they become blurred. 

On heating the alloy as quenched from 750 deg. C. 
a marked absorption of heat (1-6 cal. per grm.) takes 
| place at 620 deg. C., corresponding to the a + y ——> B 
phase change. An evolution of a similar amount of 
heat would be expected when the § phase breaks down 
|to a+ y. This would be readily detected on the 8.T. 
curve if it were released over a small temperature 
‘interval. The fact that no such evolution of heat is 


heating at 2 d 
of the breakdown will be spread out and superim 
on those due to the breakdown of the solid solution. 
The y phase is easily visible in the speciniens at maxi-, 
mum hardness, and appears first at about 350 deg. C. 
Since the alloy as quenched.consists of two phases, it 
was._m0t clear whether the y phase was produced from 
the breakdown of the 8 phase or by precipitation from 

Sample 3, containing 1-88 per 





At temperatures below 580 deg. C. the two phases i deg. C. 
present are a and y; « has a face-centred cubic struo- minute the y phase became visible at 350 deg. C 
ture, 8 is body-centred cubic, disordered; y is also confirms Masing’s very early work on the copper- 


body-centred, but is ordered and has different lattice 


| is actually present in the material under conditions of 
maximum . 

At 380 deg. C., the temperature corresponding to 
maximum hardness, practically the whole of the 
| excess y phase has been precipitated and the matrix 
| has the equilibrium concentration. This result is to be 
| expected and is in agreement with the fact that maxi- 
| mum hardness is attained when the major portion of 
| the chemical energy of the supersaturated solution has 
| been released. On the other hand, the y phase present 
| in the alloy even at temperatures as low as 350 deg. C. 
| gives rise to reasonably sharp lines on the X-ray 
| photographs. At 380 deg. C., the temperature corre- 
sponding to maximum hardness, the y lines, while 
appreciably stronger, do not give the impression of 
| being any sharper. A rough estimate of the minimum 
| size of the y particles at maximum hardness is 200 A. 
| Discussion.—Most of the S8.T. curves contained in 
| Fig. 1 show either two or three minima or inflections, 
| suggesting that precipitation proceeds in several stages 
‘which overlap somewhat. Presumably the interpre- 
tation of these minima would give much information 
| about the mechanism of precipitation, but at present 
any attempt at such an interpretation would be 
|merely speculation. No clue is given by the X-ray 
| work. ‘The X-ray results are of a somewhat qualitative 
| mature and show only a gradual and apparently con- 
| tinuous change of the various parameters affected by 
| precipitation. A further complication arises from the 
fact that the shape of the curves is sensitive to factors 
| that cannot be readily controlled. “It is possible that 
the difference in behaviour of the two alloys may be 
partly due to the different amounts of iron present as 
| impurity. 
| Although the agreement between different specimens 
| is unsatisfactory, results with one specimen are quite 
| reproducible. One fact seems to be established with 
reasonable certainty, namely, that for any given alloy 
| the temperature at which heat is first evolved decreases 
|as the quenching temperature, and hence the degree 
| of supersaturation, increases. To quote extreme cases : 
| heat evolution commences at about 360 deg. C. in the 
| specimen quenched from 600 deg. C., and at 120 deg: C. 
| in that quenched from 840 deg. C. The atomic concen- 
| trations of beryllium in the matrix are 9-5 per cent. 
| and 13 cent., — 
| The Shale of the beryllium present is not dissolved 
|even at 840 deg. C., so that in all cases some second 
| phase is present in the as-quenched alloy. As the 
ing temperature is reduced the amount of 
hase increases. By analogy with liquid 
| solutions the presence of crystals of the solute phase 
| might be expected to assist precipitation. On this 
| view precipitation should take place more easily in 
| the alloy quenched from 600 deg. C. than in cases where 
|the quenching temperature is higher, since a larger 
|amount of the second phase is available upon which 
the su turated solution can precipitate. The 
| observed effects suggest that crystals of the second 
phase ‘do not serve as very satisfactory nuclei for 

recipitation. Actually the crystals of solute are 
am away from the parent lattice so that the 
| analogy with liquid solutions, where wetting occurs, 
| is not a fair one. Furthermore, the distance between 
the ites is very large compared with one atomic 
distance, so that it is likely that large numbers of nuclei 
| will form inside the crystals of the matrix before an 
| appreciable transfer of atoms can be made to the 
| ci ites of the solute phase. 
| According to Fick’s law, the diffusion coefficient D is 
| given by the relation :— 
| Q 
D=Ae RT 
where A is a constant, Q the activation energy in cal. 
per grm.-atom, R the gas constant, and T the absolute 
temperature. The value of Q for copper is about 
| 40,000 cal., so that the diffusion coefficient at 360 deg. C. 
|is about 10® times that at 120 deg. C. It is clear, 
therefore, that some factor additional to diffusion must 
be operative, retarding the commencement of precipi- 
tation in solutions in which the degree of super- 
saturation is relatively small. At the beginning of the 
transformation from a su turated solid solution 
with a random distribution of solute atoms to the 
equilibrium state consisting of two phases, the alloy 
must pass through an initial stage during which nuclei 
of the precipitate phase will form. Becker has developed 
an in i of this stage of the breakdown 
of the solid solution, which may provide the correct 
explanation of the above experimental results. A short 
account will, therefore, be given of his theory. 

Becker's Theory.—Starting from simple assumptions, 
similar to those used by Bragg and Williams in their 
theory of the order-disorder transformation, Becker 
first calculated, from free-energy considerations, the 
limiting solubilities of the two constituents in one 
another as a function of temperature under equilibrium 


| conditions. He obtains a symmetrical phase diagram 


having a miscibility gap similar to that found in the 








gold-platinum system. Relaxation towards equili- 





400 
brium, for the case of a supersaturated alloy, is next 
treated. The initial stage of precipitation is considered 
analogous to the formation of te from a super- 
saturated vapour. Becker finds the change in free 
energy when a nucleus of precipitate (assumed cubic 
in form) of edge a is formed. Nuclei smaller than a 
critical size a, are unstable, and if formed re-dissolve. 
A, the increase in free energy when a nucleus of the 
critical size a, is formed, is a function of several factors, 
but if the discussion is limited to precipitation at a 
common temperature in alloys having different degrees 
of supersaturation, one may write :— 


{a 

~ (a= a,)* 

where a, is the stable and a the unstable composition 

of the solvent. If Q is the diffusion activation energy 

the rate of nucleus formation is proportional to 

Q+A 

e RT, and so should be greater, the higher the 

degree of supersaturation. This result is in qualitative 
ment with the ific-heat mea ts, which 





show that the higher the degree of supersaturation the | 


lower is the temperature at which precipitation com- 
mences. Thus, at the same temperature the rate of 
precipitation would increase with the degree of super- 
saturation. 


It is difficult to make any quantitative comparison | 


between the theory of Becker and the experimental 


results. In the theory it is assumed that both matrix | 


and precipitate have the same crystal structure and 
lattice parameter. This is far from being the case in 
the copper-beryllium alloys, where body-centred CuBe 
is precipitated from the face-centred matrix. The 
phase diagram differs very considerably from the ane 
obtained by Becker. Under these circumstances, onl 
qualitative comparison between theory and —— 
can be made. 

The Value of the Activation Energy Q.—According to 


Becker, the rate of nucleus formation is proportional to | 


A+Q 

e &T., where A isa measure of the work done to 
form stable nuclei. When the degree of supersaturation 
is high, one may put A = 0 and consider the behaviour 
of the alloy as being determined entirely by diffusion. 
It is generally assumed that the activation e: in 
dilute solutions is the same as that of the parent metal, 
and so for the copper-beryllium alloys a value of 
Q = 40,000 cal. may be taken. The measurements of 
Rhines and Mehl on copper-beryllium alloys containing 
about 10 per cent. beryllium give a similar value. 

The probability that two adjacent atoms will change 

w 


during an atomic oscillation is equal toe R&T, 
and the fraction of atoms changing places per second 
Q 


is ve 8T, where v is the atomic frequency ~ 10*". 

At 120 deg. C., i.c., about 400 deg. K. (see Fig. 1 (c) ), 
where diffusion is appreciable, 

oan 
ve RT — 10-*. 

This value is very small and, in fact, it appears that 
the fraction of atoms changing place per second should 
be at least 10-* for any appreciable effects to be 
observed in the present experiments. This discrepancy 
would disappear if the value for Q were reduced to 
31,000 cal., but it is unlikely that the errors in diffusion 
measurements are sufficiently high to render such a 
result probable. 

The fact that the precipitation process occurs at 
temperatures well below those expected using the 
normal values for the activation energy of diffusion 


eannet be explained in terms of Becker's theory, | 


since in the above calculation it has been assumed 
that A, the work required to form nuclei, is vanishingly 
small, and, indeed, it may be that the whole variation 
of the specific heat-temperature curve with degree 
supersaturation is a result of some effect other than 
that investigated by Becker. 

In speculating on this matter, the possibility may be 
considered that the Q value for any particular atom 
is not necessarily a constant, but may depend on the 
identity of the neighbouring atoms. In diffusion 
experiments at high temperatures the solution is usually 


a dilute one, but in precipitation phenomena we are | 


concerned initially with “up hill” diffusion around 
small regions in which, due to fluctuations, the relative 
concentration of the solute atoms approaches that of 
the precipitated phase. The amount of local distortion 


in such regions may be appreciable and here the | 


crystal may possess a smaller activation energy. This 
would be in general agreement with the well-known 


fact that the recrystallisation temperature of a metal | 


falls progressively as the metal is cold-worked. On 
this view the effective Q value governing diffusion in 
supersaturated solid solutions will increase as the 
precipitation process proceeds. Hardness-time curves 
obtained on age-hardening alloys at low temperatures 
generally rise to a maximum, and there the hardness 
remains fairly constant and independent of time. 
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FURNACE APPARATUS. 
531,452. Steam-Generator Furnace. Bennis Combus- 
tion, Limited, and A. W. Bennis, of Little Hulton, near 


Bolton. (3 Figs.) July 24, 1939.—The object of the 
present invention is to provide for the control of the 


May 16, 1941. 


| If, however, the line has been fully spread against the 
vice jaws which, during the rise of the justification bar 
| 19, were held against their respective banking abutments 
according to the required full length of line, then the 
| jaws are prevented from moving inwards, and the 
justification bar rises a second time for the second 
| Justification when the depression 24 of the justification 
cam reaches the roller 18. The line spread to the full 
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draught to various parts of the fuel bed and to provide | 


for more effective removal of the ash and clinker without 
| having to stop the reciprocation of the firebars or close 
down the forced draught, or stop, even temporarily, the 
steaming of the boiler. The firebars A are reciprocated 


(532,684) 


| length will be thus locked and a justified line of normal 
length will be obtained. When, however, there are 


in the usual manner by a shaft at the front of the furnace. | insufficient spacebands to spread the line to the full 
A forced draught box D is provided on the underside extent under the action of the depression 23, the jaws 2 
of the fuel bed and this box extends across all the bars | move inwards and the line is automatically quadded. 
and close up to their rear ends from a duct connected | In this case, as the spacebands will have been spread 


of | 


to the front of the box. The box is of less depth at the 
























































531,452) 


| rear end than at the front, and the bottom of the box is | 
fitted with reciprocating ash-clearing slides E. The) 


underside of the fuel bed is divided into compartments, 
each of which is controlled by an adjustable air damper H 
to regulate the supply of air to each compartment. At 


the rear end of the forced draught box is mounted an | 


inclined transverse plate J, which not only directs all 
the remaining air up through the firebars at the rear 
end of the grate, but also collects al] the ash and clinkers 
blown along the forced draught box. The ash-clearing 


to their full extent, the word spacing of all quadded 
lines is the same. (Accepted January 29, 1941.) 


MISCELLANEOUS. 


| 632,134. Self-C’eaning Rotary Filter. Auto-Klean 
| Strainers, Limited, of London, and W. R. Beldam, of 
|Lendon. (8 Figs.) July 24, 1939.—The invention is a 
rotary reverse flow self-cleaning filter in which passage 
| of unfiltered liquid into the filtered liquid between the 
| contacting surfaces of the fixed and moving parta is 
obviated. The filter consists of a horizontal housing 1, 
| having an inlet for unfiltered liquid at the top, and is 
| closed at each end by covers 3. A shaft carries a cylin- 
| drical support 11 having ribs round which is wrapped 
| the filtering gauze 12. The spaces between the ribs form 
| ducts 13 running the length of the support, and opening 
lat the front end through ports in a closer plate, the 
front surface of which is held by a spring against the 
inner face of the front cover 3 to prevent leakage of 
| unfiltered liquid to the clean side of the gatize. The 
| filtered liquid passes into a part-annular outlet port 18, 
| and thence to the outlet 25. In the portion of the inner 
surface of the cover 3 wherein the outlet port 18 is 
discontinuous is a reverse flow port 19, the latter being 
connected by a duct to an annular groove 21. The port, 


slide is reciprocated by the same shaft as that provided | 


for reciprocating the firebars by means of a toothed 
segment K!, which engages with a rack on the slide. 
(Accepted January 3, 1941.) 
PRINTING AND ALLIED MACHINERY. 
532,684. Slug-Casting Machine. Linotype and Machi- 


nery, Limited, of London, and J. R. Cory, of Chesterfield. | 


(1 Fig.) July 25, 1939.—The machine is designed to effect 
automatic quadding or centring of break lines at the 
ends of paragraphs without the risk of quadding lines 
intended to be of normal length and so producing 
irregular line lengths in the column. In the mechanism 


illustrated, the vice jaws which grip the composed line of | 
matrices are moved inwards for centring or quadding | 


by the downward movement of a quadder control rod 1, 


10. 
operated by the cam-controlled lever 8 through a plunger 
acting on a spring in a barrel 14. The justification 


mechanism consists of a cam 15 on the camshaft and a 
spring-loaded lever having a roller 18 which bears on the 


bands in the composed line. 


retard the closing of the vice-jaws set for quadding until 


At the stage of the mnechine 


hy 


cam 15, has taken place. 


only one vice-jaw 2 being shown. The quadding | 
operation is controlled by a cam 6 through levers 8, 9 and | 
The lever 9 is spring loaded to tend to move the, 
quadder control rod 1 to its inactive position, and is, 


cam. A bar 19 is moved upwards to spread the space- | 
In the new form of mecha- | 
| nism, the shape of the cam 6 is altered by removing | 
the section shown by the chain-dotted line 21 so as to) 


after justification, controlled by the depression 23 of the | 
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| and the groove 21, receive a supply of filtered liquid 
under pressure through a reverse flow inlet 26 fed from a 
by-pass valve on the discharge side of a pump, the suction 
side of which is connected to the outlet 25. When the 
filter is in use, the shaft 7 is steadily and slowly rotated 
so that all the ducts 13 pass in succession across the 
reverse flow port 19 in order that clean filtered liquid 
| can flow from the inside to the outside of the gauze 12, 
carrying with it the sludge which has been deposited on 
| each section of the gauze. For successful operation the 





cycle shown, a composed line of matrices and sp 


im the reverse flow circuit should exceed the 


ii 


has been presented between the vice jaws 2, wiaigh are | pressure of the unfiltered liquid in the housing by about 
fully open, the quadder eontrol rod 1 being in its inactive | & ib. per square inch. Since the groove 21 is also filled 
position. Continued rotation of the camshaft in the | with liquid at this pressure, any leakage between the 
direction of the arrow presents the depression 23 to the | contacting surfaces will be of clean liquid from this groove, 
roller 18, and the usual initial upward movement of the | thus preventing the ingress between them of unfiltered 
justification lever and bar 19 takes place to spread the | liquid from the housing carrying abrasive particles which 
line. Immediately afterwards the quadder cam surface | would cause excessive wear and eventually render the 
| 92 operates the lever 8 to effect the quadding of the line. } apparatus useless. (Accepled January 17, 1941.) 





